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This thesis is concerned with one pot reactions that are considered to be beneficial to 
preserve resources, save time and is deemed a green chemistry strategy. To plan such 
one pot reactions, it is important to combine two or more reactions that are compatible 
with each other and can be run under the same reaction conditions. In this work, 
possibilities of a combination of Wittig-olefination and Suzuki C-C-cross coupling 
reactions are explored further.  Reaction sequences involve the combination of a 
Suzuki-reaction / Wittig olefination, a Suzuki reaction / Wittig olefination / hydrolysis 
and a Suzuki-reaction / double Wittig olefination. In all cases, stabilized Wittig 
reagents were used. Also, a novel one-pot O-alkylation / Wittig olefination of 
hydroxybenzaldehydes to alkoxycinnamates was developed. Furthermore, during the 
synthesis of starting materials a new approach to arylmaleimides was found, using a 
modified Appel-type reaction. 
Some of the compounds that could be made by one pot Suzuki and single Wittig 
olefination are methyl 3-(3’-nitrophenyl) cinnamate, methyl (E, E)-5-(4’-nitro-1,1’-
biphen-4-yl)-penta-2,5-dienoate, methyl (E,E)-5-(3’-nitrobiphenyl)penta-2,4-
dienoate. Moreover, the combination between Suzuki – Wittig olefination and 
hydrolysis in one pot was performed to obtain 3-(3“-nitrobiphen-3’-yl) acrylic acid. 
Furthermore, dimethyl biphenyl-4,4’-diacrylate and dimethyl biphenyl-3,4’-diacrylate 
were synthesized by one pot Suzuki and double Wittig olefination reaction 
 





Title and Abstract (in Arabic) 
 
تفاعالت ألكلة األكسجين و تفاعالت االزدواج المتبادلة بين الكربون  تتضمن 
 الفوسفورات المستقرة
 الملخص
تعتبر مفيدة للحفاظ على الموارد التي  واحدالوعاء التفاعالت الهدف من هذه األطروحة هو دراسة 
، من المهم الجمع بين تفاعلين أو  النوعواحد من هذا الوعاء الوتوفير الوقت. لتخطيط تفاعالت 
في هذا البحث تم  .أكثر متوافقين مع بعضهما البعض ويمكن تشغيلهما في نفس ظروف التفاعل
تفاعل فيتيغ( و )تفاعل  –استكشاف امكانيات مزيج من ) تفاعل سوزوكي لالزدواج المتبادل 
تفاعل فيتيغ المزدوج ( في  –ي ( و ) تفاعل سوزوكي التحلل المائ –تفاعل فيتيغ  –سوزوكي 
جميع الحاالت تم استخدام كواشف فيتيغ المستقرة. أيضا, تم تطوير )تفاعل األلكلة و تفاعل فيتيغ( 
. من ناحية أخرى و (alkoxycinnamates)الى  (hydroxybenzaldehydes)في وعاء واحد من 
ريل الماليميد ، باستخدام تفاعل معدل من ألعلى نهج جديد  المواد األولية ، تم العثور تفاعلأثناء 
 .لنوع أبي
بعض المركبات التي تم تصنيعها في وعاء واحد بين تفاعل سوزوكي و تفاعل فيتيف األحادي 
-methyl 3-(3’-nitrophenyl) cinnamate] , [methyl (E, E)-5-(4’-nitro-1,1’-biphen-4]  هي
yl)-penta-2,5-dienoate], [methyl (E,E)-5-(3’-nitrobiphenyl)penta-2,4-dienoate] عالوة
تفاعل فيتيغ و التحلل المائي في وعاء واحد للحصول  –على ذلك تم الجمع بين تفاعل سوزوكي 
-dimethyl biphenyl]من جهة أخرى تم تصنيع[nitrobiphen-3’-yl) acrylic acid-“3)-3]على 
4,4’-diacrylate] و [dimethyl biphenyl-3,4’-diacrylate]    في وعاء واحد تفاعل سوزوكي
 فاعل ثنائي فيتيغ.وت
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Chapter 1: Introduction 
 
1.1 Overview 
In this work, the idea is to study one pot reactions to synthesize alkoxycinnamtes 
and biphenylacrylates. The most important function of alkoxycinnamates for their 
industrial application is their UV absorption. Cinnamates are used as sunscreens and 
are present in over 90% of the commercial sunscreen products. One the other hand, 
biphenylacrylates are used as heat resistant UV absorbers. In this regard, they are given 
to plastics as additives for polymer protection. The main reactions studied in this work 
are Wittig olefination, O-alkylation and Suzuki coupling reactions.  
The compounds will be prepared by one pot O-alkylation and C-C cross coupling 
reactions involving stabilized phosphoranes. For the reactions of hydroxyl- 
benzaldehydes that include an O-alkylation and a Wittig reaction in one pot, it is 
important to maintain a selectivity of O-versus C-alkylation. The ortho-position and 
para-position to the hydroxy function of the phenol, if unsubstituted, are vulnerable to 
attack by C-electrophiles. This is seen if a large amount of alkyl halide is used in the 
reactions. On the other hand, the (Ph3P=CHCO2Me) was used in the reaction to run 
the Wittig reaction concurrently with the O-alkylation. Theoretically, the Wittig – 
Suzuki cross coupling one pot reaction can be run in a number of solvents such as THF 
or DME, where the Suzuki cross coupling reaction requires a base. Stabilized 
phosphoranes are compatible with reaction conditions which can lead to a Suzuki cross 
coupling / Wittig reaction in one pot. Also, these reactions can be combined with a 
subsequent hydrolysis of the ester group introduced by the phosphorane, in one pot. 
2 
 
1.2 Statement of the Problem 
The idea was to study the possibilities of the combination of two or more reactions 
together. It started with the preparation of alkoxycinnamates in a one pot Wittig and 
O-alkylation reaction by using hydroxybenzaldehydes as starting material. On the 
other hand, Wittig reactions with stabilized phosphoranes in combination with Suzuki 
cross coupling reactions were examined further, by utilizing different bromoarenes as 
substrates, including 4-bromophenylmaleimide. Further, an attempt of a 
transformation that combines the one pot Wittig / C-C cross coupling reaction with a 
subsequent hydrolysis step in one pot was undertaken. Also, possibilities of a one pot 
Suzuki and double Wittig olefination reaction were examined. The preparation of 4-
bromophenylmaleimide as a substrate for the Suzuki cross-coupling reaction led to a 
novel preparation method of N-arylmaleimides with triphenylphosphine-
bromotrichloromethane (PPh3-BrCCl3) as reagent in a modified Appel-type reaction. 
1.3 Relevant Literature 
A cross coupling reaction in organic chemistry is a reaction where two fragments 
are joined together with the aid of a metal catalyst. Metal catalyzed cross-coupling 
reactions can give rise to interesting π-conjugated molecules that can either be 
integrated into polymers or can be utilized as small molecules for advanced appli-
cations (McGlacken & Fairlamb, 2009). Recently, also complex polycyclic π-
conjugated systems have been seen to be developed in one-pot reactions through metal 
catalyzed cascade reactions, using for instance the Heck – reaction in combination with 
cyclizations (Alberico, Scott, & Lautens, 2007; Albrecht, Reiser, Weber, Knieriem, & 




  In general, one-pot, multicomponent reactions are of benefit as they are usually 
accompanied by a reduction in solvent and require less time for work-up, as compared 
to running the corresponding reactions in a successive reaction sequence. Especially, 
where column chromatographic separation of products after each reaction would be 
necessary, one-pot reactions offer a significant reduction of resources needed. This is 
in line with the contribution of chemistry to a sustainable economic development 
(Eissen, Metzger, Schmidt, & Schneidewind, 2002).  
Lately, the Thiemann group has been involved in developing Wittig-/Suzuki-, 
Wittig-/Heck- (Burmester, Mataka, & Thiemann, 2010), Wittig/Sonogashira 
(Watanabe, Mataka, & Thiemann, 2005), Wittig-/Diels Alder- (Thiemann et al., 2000), 
and Wittig/hydrolysis (Thiemann, 2016) reaction combinations in one pot. These 
reactions have been performed in organic solvents such as DME or THF or in biphasic 
media. Oftentimes, the targeted products exhibit extended π-systems. Such conjugated 
molecules are a significant group of compounds due to their applications in the area of 
material chemistry. Molecules with π-conjugation are able to allow for the movement 
of electrons through continuous delocalization due to the orbital and structural arrange-
ments. Generally, the movement of electrons is controlled by selecting electron 
withdrawing groups and electron releasing groups placed at suitable positions of the 
organic molecule. 
Typically, the conjugation in the molecule is built by condensation reactions, 
namely Wittig-, Knoevenagel-, Perkin reactions, or by metal mediated coupling 










































Scheme 2: One Pot Wittig olefination and Heck reaction. 
 
1.4 Metal Catalysis in Organic Reactions 
A catalyst is a substance that increases the rate of a reaction by decreasing the 
activation energy of this reaction. Thus, reactions that normally run only at elevated 
temperatures or pressures without a catalyst, can be performed under mild conditions 
with a catalyst. Often, this happens without affecting the equilibrium position of the 
reaction. A reaction may, however, find a different pathway with versus without 
catalyst to proceed from a starting material to the product. Therefore, reactions with 
and without catalysts leading to the same product may well follow quite different 
reaction mechanisms. There are different types of catalysts: enzymes (biocatalysis), 
metals or metal complexes, or organic small molecules (organic catalysis). Recently, 
metal catalysis has dominated the field and has found widespread use, be it with 




Metal catalytic reactions can be an electron transfer reaction which can occur, 
when the metal ion goes from a higher oxidation state to a lower oxidation state in the 
organic compound to which the metal is coordinated, and vice versa. This can lead to 
metal catalytic cycles. Depending on the structure of the substrate, the initial changes 
in the organic compound produced by the metal ion can be followed by additional 
reaction steps. These reactions can be the elimination of electronegative groups or 
rearrangements, or reactions with other molecules present in the system. 
1.5 Introduction to Palladium Catalysis 
There are different metals available for different catalytic transformations. In C-C 
and C-X (X=heteroatom) bond forming reactions, palladium (Pd), platinum (Pt) and 
iron (Fe) are some of the metals that have been studied. Of these, palladium remains 
the most frequently used catalyst. Palladium catalysts simplify unique transformations 
that cannot be readily achieved using classical techniques, and in many cases 
palladium – catalyzed reactions proceed under mild reaction conditions and tolerate a 
broad array of functional groups (Miyaura & Suzuki, 1995). As such, the use of 
palladium catalysis for the synthesis of important, biologically active heterocyclic 
compounds has also been the focus of a considerable amount of research. (Li & 
Gribble, 2000). 
Most of the organopalladium catalytic transformations can occur via more than one 
mechanistic pathway, and in some instances, the accurate mechanisms have not been 
fully explained, especially in view of Pd-coupling reactions in heterogeneous catalysis, 
ie., with Pd nanoparticles, on Pd-surfaces, and with palladium on carbon or polymer 
embedded palladium (McGlacken & Fairlamb, 2009). The basic reactions using Pd-
catalysts are thought to be:  
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1.5.1 Oxidative Addition 
The addition of a molecule (X-Y) to Pd(0) with an insertion of Pd into the 
covalent Y-X bond and the formation of two new bond, Pd-X and Pd-Y. This will lead 
to increase the oxidation state and the coordination number of the palladium by two 
units and Pd(0) is oxidized to Pd(II) 
Pd(0) + X Y
oxidative addition
YX Pd(II)
11 12 13  















Scheme 4: Oxidative addition reaction. 
1.5.2 Reductive Elimination 
The opposite of the oxidative addition, where the oxidation number of the 
palladium increases by two units, is the reductive elimination, where Pd(II) is reduced 

























Scheme 6: Reductive elimination reaction using the “Songashira Coupling reaction 
of a terminal alkyne to an aryl group” as an example. 
 
1.5.3 Insertion 
Different unsaturated ligands such as CO, alkenes and alkynes can formally 
insert into neighboring Pd - ligands in palladium complexes. The Scheme below 












Scheme 7: General equation for the insertion reaction of an unsaturated moiety into a 
Pd-X bond. 
 
1.5.4 Transmetallation  
In the reaction between organopalladium compounds (M-R) and metal 
hydrides (M-H) of main group metals (M = Mg, B, Al, Si, Zn, Hg), M-H reacts with 
palladium complexes (A-Pd-X) formed by oxidative addition (see above) and the 
hydride or organic group is transferred to Pd by substituting X with H or R (Li & 
Gribble, 2007).  
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R X + Pd R1 R R1 + Pd X
23 25 26 27  













Scheme 9: Transmetallation reaction example: “Suzuki reaction of phenylboronic acid 
and haloarenes”. 
 
1.6 Metal Catalyzed Cross Coupling Reaction  
Over the last decades, transition metal catalyzed carbon – carbon bond forming 
reactions obtained steadily increasing importance. The discovery, development and 
fine tuning of the reaction parameters were important as these metal – catalyzed 
transformations were found to have an important and remarkable impact on the 
synthesis of natural and non – natural, biologically active compounds, as well as 
theoretically interesting molecules of high complexity (Li & Gribble, 2007). One of 
the most general and widely methods for the construction of Csp2-Csp2 bonds is the 
palladium catalyzed cross coupling of aryl or vinyl halides with organometallic 
reagents of the main group elements. These types of reactions mostly perform with 
retention of regiochemistry and / or olefin geometry and can be applied with a broad 
range of substrates (Mauleón et al., 2001). 
The simplest mechanism for these transformations (Scheme 10) starts with the 
oxidative addition of the aryl and/or vinyl halide 32 to the palladium (0) complex 31 
to give an intermediate 33. Then, the organopalladium halide complex 33 can undergo 
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transmetalation with the main group coupling partner (R1M, 34) to give the 
organopalladium species 36. Carbon–carbon bond-forming reductive elimination from 
31 gives the required cross-coupling product 37 and regenerates the palladium (0) 























Scheme 10: General mechanism for a cross coupling reaction with organometallic 
reagents. 
 
Table 1 shows different types of carbon – carbon cross coupling reactions. The 
application of these coupling reactions can be seen in the preparation of 














reaction R X + H R1










R: alkenyl, aryl, allyl, alkynyl or proparyyl  
Stille 
reaction R SnBu + R1 X
Pd cat.
R R1 XSnBu3+  
Heck 
reaction 








1.7 The Suzuki Reaction  
The Suzuki cross coupling reaction is one of the most important reactions in the 
field of organic synthesis. It is an efficient and effective method for making carbon – 
carbon bonds. It has been applied extensively in the synthesis of many carbon based 
molecules, including the most complex ones. The Suzuki reaction (Scheme 11) 
involves the coupling between organoboron compounds (organoboronic acid, 
organoborane, organoboronate ester or potassium trifluoroborate) with aryl, alkynyl 
and alkenyl halides (Thiemann, Tanaka, Hisaindee, & Kaabi, 2010). This reaction will 
succeed in the presence of a palladium complex as a catalyst. The most commonly 
used is Pd(PPh3)4, which is a Pd (0) complex. In solution, one or two 
organophosphorus (PPh3) ligands dissociate off to form the electron – deficient 







38 24 26  
Scheme 11: General equation for Suzuki reaction. 
 
1.7.1 The Mechanism of Suzuki Reaction 
The main steps for the Suzuki coupling reactions are: oxidative addition, 
transmetallation and reductive elimination. The catalytic cycle starts with the oxidative 
addition of the palladium species to the organic halide to give a palladium (II) complex. 
The transmetallation step occurs to convert the palladium halide in presence of a base 
to produce a nucleophilic palladium alkoxy complex (in the case of using an alkali 
metal alkoxide as the base). The last step, the reductive elimination, gives the biaryl 
derivative and Pd(0) (Len, Bruniaux, Delbecq, & Parmar, 2017). 
R2 - X
R2 - Pd2 - X
NaOBu
NaX
R2 - Pd2 - OBu
































The Suzuki transformation has significant advantages over other metal catalyzed 
coupling reactions such as over Negishi-type coupling reactions or the Stille-coupling. 
These advantages make the Suzuki coupling reaction also useful for industrial 
applications (Mauleón et al., 2001). Some of the advantages are, the reaction condition 
for Suzuki cross coupling are usually mild and convenient. Organoboron reagents have 
less toxicity than for instance organostannanes. The by-products also are less toxic and 
usually are easy to remove. On the other hand, organoboron reagents as starting 
materials are stable, also against moisture, and are easy to handle in air. 
1.8 Condensation of Phosphonium Ylides with Carbonyl Compounds: the Wittig 
Reaction 
 
1.8.1 Bonding in Phosphonium Ylides  
It is possible to remove a proton from the methyl group of a 
tetramethylphosphonium halide with strong bases. Thereby, a betaine is produced. The 
positive and the negative charges in this compound are located on the neighboring 
atoms (C-P), and the compound is called ylide (Me3P
+ - CH2
-. The yl in the ylide refers 
to the covalent bond in the substrate P+- CH2
- and the part ide is to indicate an ionic 
bond (Carey & Sundberg, 2007). The mesomeric form of the ylide is called the ylen. 














R=Me, Ph  
Scheme 13: The phosphonium ylides. 
 
1.8.2 The Wittig Reaction  
In 1979, Georg Wittig was awarded the Nobel prize in chemistry for the Wittig 
reaction, which had been discovered by him in 1954. Till now, this reaction is widely 
used in the preparation of alkenes in organic synthesis (Bruckner, 2016). 
In the Wittig olefination, the Wittig reagents called phosphonium ylides react 
with ketones or aldehydes (Scheme 14) (Jasem, El-Esawi, & Thiemann, 2014). 
Different mechanisms of the Wittig reaction have been postulated, depending on the 
reaction conditions and especially on the nature of the Wittig reagent. Wittig reagents 
can be non-stabilized, semi-stabilized or stabilized, depending on the substituent(s) on 
the α-carbon to the phosphorus atom. In any case, the first step is the attack of the 
nucleophilic α-carbon of the phosphorene on the carbonyl carbon of the keto or 
aldehyde functions. Here, a betain structure is formulated. Then, in most cases, a 
temporary oxetane is postulated to form as an intermediate, which decomposes to give 
an alkene and a phosphine oxide. The Wittig reaction works for a broad variety of R 
groups, and as stated above with both aldehydes and ketones. Certain stabilized 






















Scheme 14: General reaction scheme of the Wittig reaction. 
 
The main reasons for the wide use of this type of olefin synthesis are good yields, 
the non-interference of ester and olefinic functions, mild conditions, and the high 
degree of control over the double bond position and stereochemistry.   
1.9 One Pot Reactions  
A one pot synthesis is a composite of two or more reactions of molecules that occur 
in the same reactor “eg., in the same flask”. One pot reactions can be effective due to 
the fact that several synthetic transformations and bond forming steps occur in the 
same time frame and in a single reactor, where one or several purification steps can be 
saved that would have been necessary, if performing the reactions separately and 
consecutively. A one pot synthesis procedure can consequently save time, minimize 
the chemical waste and simplify purification. 
There are various terminologies to describe multi-step reactions that occur in one 
pot. These include cascade reaction, domino reactions and tandem reactions (Hayashi, 
2016). A domino reaction is an operation that includes two or more bond forming 
transformations (usually carbon - carbon bonds) that can take place at the same time 
and under the same reaction conditions without adding additional catalysts or reagents. 
The following reactions result as an outcome of the functionalities formed in the 
substrate in the previous step. Tandem reactions are occurring one after the other. The 
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above terminology has been used interchangeably by Nicolaou (Nicolaou, Petasis, 
Zipkin, & Uenishi, 1982). 
A one pot reaction can be explained as a method to enhance and improve the 
efficiency and the yield of the chemical reaction by running the reaction in the same 
reactor and combining different steps without isolation of the intermediates or 
changing the reaction conditions. The starting materials, "the reactants," can be 
submitted to alternate chemical reactions in a one pot reactor. In this work, the term is 
used as two or more reactions running with the substrate at the same time. Overall, it 
can be seen that the concept of a one pot reaction includes all such reaction types as 
well as the multi-step strategies that are adopted in a single reactor or vessel. 
1.10 C – C cross Coupling Reactions and Wittig Olefination in One Pot  
Semi-stabilized and stabilized phosphoranes are familiar to be resistant to water 
and air and to be suitable with a larger number of reaction conditions (Thiemann, 
2018). These consist the presence of metals such as palladium or platinum. 
Consequently, it is possible to run Pd(0)-catalyzed C-C-cross-coupling reactions in 
concert with Wittig-olefinations. In general, this is true for the combination of a Wittig 
olefination reaction with the Pd(0)-catalyzed Suzuki cross-coupling reaction, the Heck 
reaction. and the Sonogashira coupling reaction. These reactions occur when the 
combination of arylboronic acids, halobenzaldehydes with alkoxycarbonylmethyl-





O-alkylation of phenols is carried out routinely in the Thiemann group. On the 
one hand, O-alkylation has been used as protection of the phenolic function in future 
reaction steps. Here, the substrates have often been estrones or estradiols. On the other 
hand, alkoxy substituents have been introduced in aromatic systems with extended π-
systems as an electron-density releasing function such in cinnamates, where the 
substitution pattern of cinnamates influences their photochemical cis/trans –
isomerisation behavior. Generally O-alkylation reactions of phenols are carried out by 
Williamson type ether synthesis where alkyl halides (Johnstone & Rose, 1979) or alkyl 
sulfates such as the toxic dimethyl sulfate (Hiers & Hager, 1929) are used. 
Diazomethane has been used for the O-methylation of sterically hindered phenols 
(Meek, Fowler, Monroe, & Clark, 1968). For O-methylation, also dimethyl carbonate 
(Shieh, Dell, & Repič, 2001) and tetramethylammonium salts (Maraš, Polanc, & 
Kočevar, 2008) have been used. Lamoureux and Agüero have written an excellent 
review article on modern alkylating agents, among others for phenols (Lamoureux & 
Agüero, 2009). The Thiemann group had good experience following the protocol of 
Johnstone and Rose (KOH, R-X, DMSO) (Johnstone & Rose, 1979). This protocol 
has, however, never been combined with a Wittig olefination in one pot. 
1.12 N-Substituted Maleimides 
Maleimide is a chemical compound with an unsaturated imide moiety used in 
organic synthesis. Preparation of maleimide and its derivatives occurs by dehydration 
after the treatment of maleic anhydride with amines, and these maleimides can be 
exposed to either Michael additions or Diels-Alder reactions, where they are 
susceptible to additions across double bond. When two maleimide groups connect by 
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a nitrogen by a linker they form bismaleimide compounds, which is in turn can be used 
as crosslinking reagents to create thermoset polymers. Other compounds formed by 
the linkage of a maleimide group with a reactive group (like an activated N-







Scheme 15: Structure of N-arylmaleide (53) as a targeted structure. 
 
N-substituted maleimides are versatile dienophiles in [4+2] cycloaddition 
reactions and reactive Michael acceptors (Reddy, Kondo, Toru, & Ueno, 1997). 
Maleimides are used as monomers to form polyimides in polymerization reactions, 
that produce high temperature resins. The polymers are obtained through Michael 
addition, iterative cycloaddition reactions or by free radical mechanisms, as especially 
ortho – substituted maleimides can act as radical initiators under photoirradiation. 
Maleimides have been used as starting materials in tumour – drug research and as 
linker units to prepare diagnostics in biochemical studies (Sortino, Cechinel Filho, 
Corrêa, & Zacchino, 2008). In their own right, N-arylmaleimides have been found to 
be fungicidal vs. Candida albicans and other Candida species (Sortino et al., 2008). 
N-Arylmaleimides can be prepared in different ways, where for many of these 
methods the starting material is maleic anhydride. The most common used method is 
a two-step approach: maleic anhydride reacts with anilines to give maleanilic acids. 
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After that, the maleanilic acids react with NaOAc and Ac2O, where acetic anhydride 
Ac2O is also used as a solvent (Crivello, 1976; Leigh, Hughes, & Mitchell, 1992; 
Parrick & Ragunathan, 1993). There are two issues with the preparation – yields are 
relatively low and the hydrolysis of excess acetic anhydride is relatively slow and 
liberates a lot of CO2. Other methods exist such as the ring closure of maleanilic acids  
to N-arylmaleimides utilizing the reagents acetyl chloride / triethylamine (Harwood & 
Pyriadi, 1971) trimethyl orthoacetate / triethylamine (Mison & Sillion, 1999), or 
methanesulfonic acid in n-butanol (Mizori, 2008). Also, there are limited ways to 
prepare N-arylmaleimides 53 directly from maleic anhydride by the reaction with 
anilines when utilizing reagents such as HMDS/ZnBr2 (Reddy et al., 1997) or 
(NH4)2S2O8–DMSO (Garad, Tanpure, & Mhaske, 2015) or from the reaction of maleic 
acid with anilines in the presence of phosphorus pentoxide (Alagic, Koprianiuk, & 
Kluger, 2005). The need of 4-bromophenymaleimide 53b prompted us to look at new 
reaction conditions to perform the ring closure of maleanilic acids 54 to maleimides 
53. Al Hemyari et al., had already looked at preparing amides, anilides and hydrazides 
by the action of amines, anilines, and hydrazines on acids activated by BrCCl3-PPh3 
under Appel type conditions (Al-Hemyari, Hashim, Bufaroosha, & Thiemann, 2019). 
Therefore, an intramolecular Appel type reaction was tried with maleanilic acids (54), 














































Chapter 2: Methods and Results  
 
2.1 Research Design 
2.1.1 General 
The compounds shown in this thesis were prepared, synthesized, purified 
(using crystallization and/or column chromatography) and characterized by 1H-NMR, 
13C-NMR and IR spectroscopy. The UV-VIS spectra of the shown maleimides and of 
selected Suzuki coupling products were studied, also. 
Column chromatography was carried out on commercial 60 A silica gel 
(S,0.063 mm – 0.1 mm, Riedel de Haen and Merck grade 9385 or on Wakogel 300). 
All silica gel used was recycled (Wahshi et al., 2018) silica gel. Analytical thin layer 
chromatography (TLC) was carried out on silica on TLC Alu foils from Fluka (with 
Fluorescent indicator at λ=254 nm). 
NMR spectra were recorded with a Varian 400 MHz spectrometer with 1H (at 
395.7 MHz) and 13C (at 100.5 MHz). The chemical shifts are relative to 
tetramethylsilane (TMS) (solvent CDCl3, unless otherwise noted). Infrared spectra 
were taken on a Thermo Nicolet Nexus 670 FT – IR spectrometer and a Perkin Elmer 
Spectrum 2 spectrophotometer (solid samples as KBr pellets, liquid samples using 
NaCl plates). UV VIS spectra were taken on a Varian Cary 50 photospectrometer. 
Suzuki C-C-cross coupling reactions were run under argon (Air Products; 99.9992%). 
The maleanilic acids were prepared according to the literature (Sadeq et al., 2017). 
Triphenylphosphine (Aldrich), iodomethane (Sigma-Aldrich), iodoethane (BDH), 1-
iodopropane (Alfa Products), 1-iodobutane (Merck-Schuchardt), 4-bromobenzyl 
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bromide (Aldrich), 1-bromoheptane (Aldrich), 1-bromooctane (Aldrich), 4-
bromobenzaldehyde (Aldrich), 3-bromobenzaldehyde (Aldrich), 3-hydroxy-4-
methoxybenzaldehyde (Aldrich), 4-hydroxybenzaldehyde (BDH), methyl 
bromoacetate (Aldrich), (triphenylphosphoranylidene)acetaldehyde (Aldrich), 4-
formylphenylboronic acid (Aldrich), p-tolylboronic acid (Aldrich), 3-
formylphenylboronic acid (Aldrich), 4-nitrophenylboronic acid (Aldrich), 3-
nitrophenylboronic acid (Aldrich), bis(triphenylphosphine) palladium (II) dichloride 
(Aldrich), bromotrichloromethane (Aldrich), potassium hydroxide (KOH, Merck), 
chloroform (CHCl3-Sigma Aldrich), diethyl ether (Sigma-Aldrich), dichloromethane 
(CH2Cl2, Sigma-Aldrich), pentane (J. T. Baker), hexane (Sigma-Aldrich), dimethyl 
sulfoxide (DMSO, BDH), 1,2-dimethoxyethane (DME, Sigma-Aldrich), petrol ether 
40/60 (PE, WINLAB), acetone (Honeywell), anhydrous magnesium sulfate (Aldrich), 
and deuterated chloroform (CDCl3) were acquired commercially. Reagents and 
solvents were used as is. 
2.2 Experimental  
2.2.1 Preparation of Starting Materials 
Preparation of phosphonium salts and phosphoranes 
Preparation of methyl carboxymethyltriphenylphosphonium bromide (57) 
A mixture of triphenylphosphine (55, 26.2 g, 0.1 mol) and methyl 
bromoacetate (56, C3H5BrO2, 15.3 g, 0.1 mol) was dissolved in chloroform (CHCl3, 
150 ml). The reaction was exothermic. The reaction was left to stir until the reaction 
finished (12 h). Then, the mixture was added to diethyl ether [(C2H5)2O, 800 ml] and 
a white precipitate formed. The precipitated was filtered off and dried to give the 
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phosphonium salt as a white solid (57, 40.2 g, 97%, mp. 159°C; Lit. 160-161°C 
(Castaneda, Aliaga, Acuna, Silva, & Bunton, 2008)). 
IR υ (KBr, cm-1): 3053, 3006, 2801, 2733, 1723, 1587, 1485, 1440, 1319, 1200, 
1110, 996, 890, 876, 748, 688, 439; 1H NMR (400 MHz, CDCl3) δ 3.55 (3H, s, 






Scheme 17: Preparation of methyl carboxymethyltriphenylphosphonium bromide 
(57). 
 
Preparation of 4-bromobenzyltriphenylphosphonium bromide (59) 
A mixture of triphenylphosphine (55, 10 g, 0.03 mol) and 4-bromobenzyl 
bromide (58, BrC6H4CH2Br, 5.8 g, 0.02 mol) was dissolved in chloroform (CHCl3, 30 
ml). The resulting solution was stirred and left until the reaction finished (12 h). Then, 
was the mixture was added to diethyl ether [(C2H5)2O, 400 ml], and a white precipitate 
formed. The precipitated material was filtered off and dried to give 4-
bromobenzyltriphenylphosphonium bromide (59) as a white solid (12.65 g, 80%, mp. 
270°C; Lit. 276-277.5°C (Lobanov et al., 1968)). 
IR υ (KBr, cm-1): 3442, 3325, 3053, 2901, 2860, 2790, 1625, 1587, 1488, 1438, 









Scheme 18: Preparation of 4-bromobenzyltriphenylphosphonium bromide (59). 
 
Preparation of 4-chlorobenzyltriphenylphosphonium chloride (61) 
A mixture of triphenylphosphine (55, 10 g, 0.03 mol) and 4-chlorobenzyl 
chloride (60, ClC6H4CH2Cl, 6.15 g, 0.03 mol) was dissolved in chloroform (CHCl3, 
25 ml), where 4-chlorobenzyl chloride was added in two fractions, each with half of 
the amount. The resulting solution was stirred and heated and left until the reaction 
finished (12 h). Then, the mixture was added to diethyl ether [(C2H5)2O, 35 ml], and a 
white precipitate formed. The precipitated material was filtered off and dried to give 
4-chlorobenzyltriphenylphosphonium chloride (61) as a white solid (13.88 g, 85.9%, 
mp. 280°C; Lit. 279-281°C (Tsuge, Tomit, & Torii, 1968)). 
IR υ (KBr, cm-1): 3323, 3051, 2988, 2784, 1618, 1586, 1436, 1111, 995, 790, 






Scheme 19: Preparation of 4-chlorobenzyltriphenylphosphonium chloride (61). 
 
Preparation of benzyltriphenylphosphonium chloride (63) 
A mixture of triphenylphosphine (55, 10 g, 0.03 mol) and benzyl chloride (62, 
C6H5CH2Cl, 4.83 g, 0.03 mol) was dissolved in chloroform (CHCl3, 400 ml). The 
resulting solution was stirred and heated at 60°C and left until the reaction finished  
24 
 
(12 h). Then, diethyl ether [(C2H5)2O, 35 ml] was added to the mixture, and a white 
precipitate formed. The precipitated material was filtered off and dried to give 
benzyltriphenylphosphonium chloride as a white solid (63, 16.42 g, 90.4%, mp. > 
300°C; Lit. 314-315°C (Wittig & Haag, 1955)). 
IR υ (KBr, cm-1): 3663, 3323, 3051, 2988, 2857, 2784, 1585, 1436, 1110, 790, 







Scheme 20: Preparation of benzyltriphenylphosphonium chloride (63). 
 
Preparation of methyl carboxymethylidenetriphenylphosphorane (64) (phosphonium 
ylide)  
 
A mixture of phosphonium salt (57, Ph3P
+CH2CO2CH3 Br
-, 15 g) and sodium 
carbonate anhydrous (Na2CO3, 11.0 g) was dissolved in water (110 ml). The resulting 
solution was stirred for 10 min. Then, dichloromethane (CH2Cl2, 100 ml) was added 
to the mixture, and the resulting mixture was stirred for 20 min. The organic phase was 
separated and dried over anhydrous MgSO4 and evaporated in vacuo to give the 
resonance stabilized ylene phosphorene, methyl carboxymethylidenetriphenyl-
















Scheme 21: Preparation of methyl carboxymethylidenetriphenylphosphorane (64) 
(phosphonium ylide = phosphorane). 
 
2.2.2 Preparation of Aryl Bromides 




65 66  
Scheme 22: Preparation of methyl p-hydroxybenzoate (66). 
 
A solution of 4-hydroxybenzoic acid (65, 14.0 g, 0.101 mol) in a mixture of 
methanol (MeOH, 40 ml) and conc. sulfuric acid (H2SO4, 1 ml) was stirred for 8 h at 
65°C. Then, the cooled solution was poured onto ice (200 g) and the colorless (white) 
precipitate was allowed to form and settle (45 min). Thereafter, the precipitate was 
filtered off using a Buchner funnel. The product was left overnight to dry in an oven 
at 38°C. TLC (CH2Cl2-Et2O 90-10) showed that some starting material remained in 
the filter cake. The filter cake was dissolved in CHCl3 (700 ml) and extracted with 
conc. aq. sodium hydrogen carbonate (NaHCO3). The organic phase was dried over 
anhydrous MgSO4 and evaporated in vacuo to give methyl 4-hydroxybenzoate (61, 
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10.9 g, 0.070 mmol, (69.3 %) as a colorless (white) solid; mp. (Lit.°C); IR (KBr/cm-1) 
3308 (OH), 2959, 1680 (C=O), 1588 (C=C), 1514, 1434, 1315, 1279 (C-O), 1232, 
1164, 954, 849, 772; 1H NMR (400 MHz, DMSO-d6) δ 3.76 (3H, s, CH3), 6.83 (2H, 
d, 3J = 9.2 Hz), 7.79 (2H, d, 3J = 9.2 Hz), 10.33 (1H, s, OH); 13C NMR (100.5 MHz, 
DMSO d6) δ 52.0 (CH3), 115.7 (2C, CH), 120.6 (Cquat), 131.8 (2C, CH), 162.4 (Cquat), 
166.5 (CO).  
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Scheme 23: Preparation of ethyl p-methoxybenzoate (68). 
 
Potassium hydroxide (KOH, 1.01 g, 1.5eq) was ground under hexane to give a 
fine powder. This was added to dimethyl sulfoxide (DMSO, 20 ml). After that, ethyl 
p-hydroxybenzoate (67, 2.0 g, 0.01 mol) was added to the solution. Then, iodomethane 
(3.65 g, 0.02 mol) was added to the mixture. The reaction mixture was stirred at rt and 
left until the reaction finished (24 h). Then, the reaction mixture was poured into cold 
water (200 ml), and was extracted with CHCl3 (3 × 50 ml). The organic phase was 
collected and dried over anhydrous MgSO4, filtrated and concentrated in vacuo. The 
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Scheme 24: Preparation of ethyl 4-ethoxybenzoate (69). 
 
Potassium hydroxide (KOH, 2.02 g, 1.5 eq) of potassium hydroxide was grinded in 
hexane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 30 ml). 
After that, ethyl 4-hydroxybenzoate (67, 4.11 g, 0.02 mol) was added to the solution. 
Then, ethyl iodide (10.2 g, 0.06 mol) was added to the mixture. The reaction mixture 
was stirred at rt until the reaction finished (24 h). Then, the reaction mixture was 
poured into cold water (200 ml), and was extracted with CHCl3 (3 × 50 ml). The 
organic phase was collected and dried over anhydrous MgSO4, filtrated and 
concentrated in vacuo. The residue was submitted to column chromatography to give 
the title compound 69 as a colorless oil. 
IR (KBr/cm-1) 2982, 2937, 2905, 1716, 1608, 1510, 1314, 1255, 1169, 1104, 1045, 
850, 711, 696. 
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Potassium hydroxide (KOH, 1.012 g, 1.5 eq) was grinded in hexane to a fine 
powder. Then it was mixed with dimethyl sulfoxide (20 ml, DMSO). After that, methyl 
4-hydroxybenzoate (70, 3.6 g, 0.02 mol) was added to the solution. Then, iodomethane 
(3.65 g, 0.02 mol) was added dropwise to the mixture. The reaction mixture was stirred 
at rt until the reaction finished (24 h). Then, the reaction mixture was poured into cold 
water (200 ml), and was extracted with CHCl3 (3 × 50 ml). The organic phase was 
collected and dried over anhydrous MgSO4, filtrated and concentrated in vacuo. The 
residue was submitted to column chromatography to give the title compound 71 as a 
colorless, slowly crystallizing solid; IR (KBr/cm-1) 3003, 2952, 2843, 1716, 1609, 
1512, 1430, 1320, 1285, 1169, 1105, 1021, 847, 770, 698, 611, 513, 455. 
2.2.3 Phenylmaleimdes by Triphenylphosphine – Bromotrichloromethane  















































General procedure: N-Phenylmaleimide (53a) 
A solution of triphenylphosphine (1.89 g, 7.21 mmol) and bromo-
trichloromethane (BrCCl3, 1.56 g. 7.86 mmol) in dry CH3CN (20 ml) was stirred at rt 
for 30 min., during which in turned dark yellow. Then, maleanilic acid (54a) (1.10 g, 
5.76 mmol) was added, and the resulting mixture was stirred at 70°C for 40 min. 
Thereafter, dry triethylamine (750 mg, 7.42 mmol) was added dropwise over 15 min., 
and the resulting mixture was stirred at 70°C for 8 h. The cooled mixture was added 
to water (50 ml), and the ensuing mixture was extracted with CH2Cl2 (3×35 ml). The 
combined organic phase was dried over anhydrous MgSO4 and evaporated in vacuo. 
The residue was subjected to rapid column chromatography on silica gel (CH2Cl2) to 
give 53a (828 mg, 83%) a yellow, crystalline solid, mp. 88 – 89°C (85 - 87°C (Aldrich 
Catalogue 2005/2006)); νmax (KBr/cm
-1) 3093, 1716, 1598, 1586, 1508, 1394, 1146, 
1072, 1031, 1009, 832, 757, 695, 629, 586, 497, 466; δH (400 MHz, CDCl3) 6.84 (2H, 
s), 7.31 – 7.39 (3H, m), 7.44 – 7.49 (2H, m); δC (100.5 MHz, CDCl3) 126.1 (2C, CH), 
128.0 (CH), 129.2 (2C, CH), 131.2 (Cquat), 134.2 (2C, CH), 169.5 (2C, Cquat, CO). 
N-4-Ethoxyphenylmaleimide (53L) 
To a solution of triphenylphosphine (1.89 g, 7.2×10-3 mol, PPh3) in dry 
acetonitrile (20 ml, 41.05 g/ mol, CH3CN), bromotrichloromethane (1.56 g, 198.27 
g/mol, BrCCl3) was stirred at room temperature for 30 min, the color was turned 
yellow. After that maleanilic acid (54L, 1.35 g, 7.0×10-3 mol, C10H9NO3) was added 
to the mixture, stirred and heated at 70°C for 40 min. Thereafter, dry triethylamine 
(0.75 g, 7.4×10-3 mol) is added to the solution dropwise over 15 min, then the resulting 
solution was stirred and heated at 70°C for 8 h. The cooled mixture was added to water 
(50 ml) and extracted with dichloromethane CH2Cl2 (3×35 ml). The combined organic 
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phase was dried by using anhydrous magnesium sulfate (MgSO4). The organic phase 
was filtered from the sulfate and evaporated in vacuo using the rotary evaporator. The 
residue was submitted to the column chromatography on silica gel (CH2Cl2) to obtain 
N-4-ethoxyphenylmaleimide (53L, 1.0 g, 80%) as a yellow, crystalline solid, mp. 
134°C (Lit. 136-137°C ) IR (KBr/cm-1) ν 3099, 2937, 2879, 1705, 1517, 1257, 723, 
690; 1H NMR (DMSO-d6): δ 1.33 (3H, t, 3J = 6.7 Hz), 4.04 (2H, q, 3J = 6.7 Hz), 7.04 
(2H, d, 3J = 8.6 Hz), 7.24 (2H, s), 7.43 (2H, d, 3J = 8.6 Hz). 
N-(4-Bromophenyl)maleimide (53b) 
Pale yellow solid (1.59 g, 6.3 mmol, 58%), mp. 132°C (Lit. 128 – 130°C 
(Butler, Coyne, & Moloney, 2007; Matuszak, Muccioli, Labar, & Lambert, 2009)); 
νmax (KBr/cm
-1) 3090, 1721, 1492, 1400, 1386, 1149, 1066, 831, 707, 686, 585, 501; 
δH (400 MHz, CDCl3) 6.85  (2H, s), 7.24 (2H, d, 
3J = 8.8 Hz), 7.58 (2H, d, 3J = 8.8 
Hz); δC (100.5 MHz, CDCl3) 121.6 (Cquat), 127.4 (2C, CH), 130.2 (Cquat), 132.3 (2C, 
CH), 134.3 (2C, CH), 169.1 (2C, Cquat, NCO). 
N-(2-Methylphenyl)maleimide (53c) 
Very pale yellow solid, mp. 76 – 78°C (Lit. 76 – 77°C (Fujita, Irie, Takanayagi, 
Narita, & Yano, 1989); νmax (KBr/cm
-1) 3093, 2929, 1716, 1496, 1458, 1391, 1150, 
1116, 1065, 83, 823, 768, 688, 630, 588, 475; δH (400 MHz, CDCl3) 2.16 (3H, s, CH3), 
6.87 (2H, s), 7.11 (1H, d, 3J = 7.6 Hz), 7.27 – 7.37 (3H, m); δC (100.5 MHz, CDCl3) 
17.9 (CH3), 126.9 (CH), 128.7 (CH), 129.5 (CH), 129.9 (Cquat), 131.2 (CH), 134.4 (2C, 






Yellow crystalline solid, mp. 159 – 160°C (Lit. mp. 158 – 160°C (Butler et al., 
2007; Matuszak et al., 2009)); νmax (KBr/cm
-1) 3454 (w), 3093, 1708, 1518, 1408, 
1391, 1153, 834, 710, 685, 503; δH (400 MHz, CDCl3) 2.38 (3H, s, CH3), 6.83 (2H, s), 
7.19 (2H, d, 3J = 8.8 Hz), 7.26 (2H, d, 3J = 8.8 Hz); δC (100.5 MHz, CDCl3) 21.2 
(CH3), 126.0 (2C, CH), 128.4 (Cquat), 129.8 (2C, CH), 134.2 (2C, CH), 138.1 (Cquat), 
169.7 (2C, Cquat, CO); Found: C, 70.33; H, 4.95; N, 7.48%. Calcd. for C11H9NO2 
(187.19) C, 70.58; H, 4.85; N, 7.48%. 
N-(4-Methoxyphenyl)maleimide (53e) 
Yellow crystalline solid, mp. 157 – 158°C )Lit. 157°C (Deshpande, Maybhate, 
Likhite, & Chaudhary, 2010)); νmax (KBr/cm
-1) 3467, 3173, 3110, 3079, 3011, 2965, 
2939, 2914, 2836, 1701, 1507, 1445, 1400, 1303, 1251, 1156, 1106, 1055, 828, 721, 
687, 604, 582, 527, 431; δH (400 MHz, CDCl3) 3.81 (3H, s, OCH3), 6.82 (2H, s), 6.97 
(2H, d, 3J = 8.4 Hz), 7.21 (2H, d, 3J = 8.4 Hz); δC (100.5 MHz, CDCl3) 55.5 (OCH3), 
114.5 (2C, CH), 123.7 (Cquat), 127.6 (2C, CH), 134.1 (2C, CH), 159.2 (Cquat), 169.8 
(2C, Cquat, CO); Found: C, 65.02; H, 4.46; N, 6.89%. Calcd. for C11H9NO3 (203.19) C, 
65.65; H, 4.45; N, 6.79%. 
N-(2,5-Dimethoxyphenyl)maleimide (53f) 
Yellow crystalline solid, mp. 132 – 134°C (Lit. 122°C (Mustafa, Zayed, & 
Khattab, 1956)); νmax (KBr/cm
-1) 3117, 3007, 2964, 2942, 2832, 1708, 1515, 1455, 
1388, 1284, 1232, 1193, 1155, 1043, 1014, 822, 724, 692; δH (400 MHz, CDCl3) 3.73 
(3H, s, OCH3), 3.75 (3H, s, OCH3), 6.73 (1H, bs), 6.82 (2H, bs), 6.93 (2H, s); δC (100.5 
MHz, CDCl3) 55.8 (OCH3), 56.3 (OCH3), 113.1 (CH), 115.7 (CH), 115.8 (CH), 120.1 
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(Cquat), 134.4 (2C, CH), 149.6 (Cquat), 153.5 (Cquat), 169.6 (2C, Cquat, CO). Found: C, 
61.62; H, 4.84; N, 6.01%. Calcd. for C12H11NO4 (203.19) C, 61.80; H, 4.75; H, 6.01%.  
N-(2,4-Difluorophenyl)maleimide (53g) 
Colorless, crystalline solid, mp. 92°C; (Lit. 92° (Abdelkareem Sadeq, 2015); νmax 
(KBr/cm-1) 3097, 1719, 1519, 1414, 1397, 1275, 1146, 975, 865, 831, 719, 689, 600, 
439; δH (400 MHz, CDCl3) 6.91 (2H, s), 6.97 – 7.02 (2H, m), 7.23 – 7.29 (1H, m); δC 
(100.5 MHz, CDCl3) 105.3 (CH, dd, 
2JCF 26.9 Hz, 
2JCF 23.9 Hz), 112.0 (CH, dd, 
2JCF 
22.4 Hz, 4JCF 3.7 Hz), 114.9 (Cquat, dd, 
2JCF 13.5 Hz, 
4JCF 3.7 Hz), 130.7 (CH, dd, 
3JCF 
9.6 Hz, 3JCF 1.6 Hz), 134.7 (2C, CH), 158.1 (dd, 
1JCF 255.0 Hz, 
3JCF 12.8 Hz), 162.9 
(Cquat, 
1JCF 251.4 Hz, 
3JCF 11.3 Hz), 168.6 (Cquat, CO). 
N-(2,6-Difluorophenyl)maleimide (53h) 
Colorless, crystalline solid, mp. 108°C (Lit. 91-93°C (Schwarzer & Weber, 
2008)); νmax (KBr/cm
-1) 3492, 3123, 1724, 1596, 1514, 1475, 1387, 1243, 1220, 1161, 
1136, 1048, 990, 825, 781, 691, 584; δH (400 MHz, CDCl3) 6.92 (2H, s), 7.04 (2H, m), 
7.40 (1H, m); δC (100.5 MHz, CDCl3) 108.4 (dd, Cquat, 
2JCF = 16.0 Hz, 
2JCF = 16.0 Hz), 
112.1 (2C, CH, md, 2JCF = 18.6 Hz), 131.0 (2C, CH, dd, 
3JCF = 9.7 Hz, 
3JCF = 9.7 Hz), 
135.0 (2C, CH), 158.9 (2C, Cquat, dd, 
1JCF = 253.0 Hz, 
4JCF = 3.7 Hz), 169.0 (Cquat, 
CO). 
N-(4-Nitrophenyl)maleimide (53i)  
Solid, mp. 168°C (Lit. 168-170°C (Roth, 1977)); νmax (KBr/cm
-1) 3120, 3105, 
1717, 1522, 1505, 1387, 1349, 1145, 1058, 849, 826, 699; δH (400 MHz, DMSO-d
6) 
7.28 (2H, s), 7.70 (2H, d, 3J = 9.0 Hz), 8.37 (2H, d, 3J = 9.0 Hz); δC (100.5 MHz, 
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DMSO-d6) 124.2 (2C, CH), 126.7 (2C, CH), 135.0 (2C, CH), 137.5 (Cquat), 145.7 
(Cquat), 169.1 (2C, Cquat, CO);  
N-(4-Chlorophenyl)maleimide (53j) 
Pale yellow, crystalline solid, mp. 115°C (Lit. 114-115°C (Matuszak et al., 
2009)); νmax (KBr/cm
-1) 3085, 1713, 1498, 1462, 1388, 1149, 1097, 1070, 836, 709, 
685, 586, 504, 418; δH (400 MHz, CDCl3) 6.86 (s, 2H), 7.25 (d, 2H, 
3J = 8.4 Hz), 7.59 
(d, 2H, 3J = 8.4 Hz); δC (100.5 MHz, CDCl3) 119.2, 125.0, 128.1, 130.0, 132.1, 169.8. 
N-(4-Cyanophenyl)maleimide (53k) 
Colorless solid; mp. 128°C (Lit. 129 – 130°C (Roth, 1977)); νmax (KBr/cm
-1) 
3168, 3103, 3093, 2238, 1726, 1515, 1393, 1375, 1145, 843, 830, 691, 589, 543; δH 
(400 MHz, CDCl3) 6.85 (2H, s), 7.52 (2H, d, 
3J = 8.8 Hz), 7.67 (2H, d, 3J = 8.8 Hz), 
7.40 (1H, m); δC (100.5 MHz, CDCl3) 111.0, 118.8, 125.4, 132.8, 134.4, 135.5, 168.7. 
 










Scheme 27: Preparation of 4-alkoxy-1-bromobenzenes (73). 
 
Typical procedure – preparation of 4-methoxy-1-bromobenzene (73a): 
Potassium hydroxide (KOH, 1.68 g, 30 mmol, 1.5 eq) was ground under petrol ether 
to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 20 ml), and the 
resulting mixture was stirred for around 10 min at rt. Then, 4-bromophenol (3.46 g, 20 
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mmol) was added to the solution. After that, iodomethane (4.08 g, 30 mmol) was added 
to the mixture dropwise. The reaction mixture was stirred at rt and left until the reaction 
finished (24 h). Then, the mixture was poured into water (75 ml) and extracted with 
CHCl3 (3 × 50 ml). The organic phase was separated, dried over anhydrous MgSO4, 
and concentrated in vacuo. Thereafter, the residue was subjected to column 
chromatography to give 4-methoxy-1-bromobenzene (73a) as a colorless oily product 
(3.33 g, 90%). 
IR υ (KBr, cm-1): 3004, 2968, 2937, 2905, 2837, 1578, 1488, 1290, 1246, 1033, 
821, 601. 
4-Ethoxy-1-bromobenzene (73b): According to the general procedure above 
and as mention in table 2, 4-bromophenol (65, 3.46 g, 20 mmol), iodoethane (4.5 g, 
28.8 mmol) with KOH (1.68 g, 30 mmol, 1.5 eq) in dimethyl sulfoxide (DMSO, 20 
ml) gave  67b as a colorless oil (4.17 g, quant.). 
IR υ (KBr, cm-1): 3071, 2980, 2935, 2818, 2530, 2411, 2287, 2082, 2041, 1969, 
1871, 1592, 1474, 1405, 1392, 1286, 1171, 1047, 922, 819, 799, 638, 624, 506; δH 
(400 MHz, CDCl3) 1.41 (3H, t, 
3J = 6.8 Hz, CH3), 3.97 (2H, d, 
3J = 6.8 Hz, OCH2), 
6.76 (2H, d, 3J = 8.8 Hz), 7.36 (2H, d, 3J = 8.8 Hz); δC (100.5 MHz, CDCl3) 14.8 
(CH3), 63.6 (OCH2), 112.6 (Cquat), 116.2 (2C, CH), 132.2 (2C, CH), 158.0 (Cquat, CO). 
4-Propoxy-1-bromobenzene (73c): According to the general procedure above 
and as mention in table 2, 4-bromophenol (65, 3.46 g, 20 mmol), 1-iodopropane (5.1 
g, 30 mmol) with KOH (1.68 g, 30 mmol, 1.5 eq) in dimethyl sulfoxide (DMSO, 20 
ml) gave 67c as a colorless oil (4.17 g, 97%). 
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IR υ (KBr, cm-1): 3071, 2964, 2938, 2877, 2526, 1871, 1590, 1489, 1391, 1286, 1170, 
1070, 977, 819, 800, 638, 626, 638, 505. 
4-Butoxy-1-bromobenzene (73d): According to the general procedure above 
and as mention in table 2, 4-bromophenol (65, 3.46 g, 20 mmol), 1-iodobutane (5.52 
g, 30 mmol) with KOH (1.68 g, 30 mmol, 1.5 eq) in dimethyl sulfoxide (DMSO, 20 
ml) gave 67d as a colorless oil (4.2 g, 92%). 
IR υ (KBr, cm-1): 2959, 2934, 2873, 1591, 1578, 1489, 1474, 1286, 1245, 1171, 
822. 
4-Heptoxy-1-bromobenzene (73e): According to the general procedure above 
and as mention in table 2, 4-bromophenol (65, 3.46 g, 20 mmol), 1-bromoheptane 
(5.37 g, 30 mmol) with KOH (1.68 g, 30 mmol, 1.5 eq) in dimethyl sulfoxide (DMSO, 
20 ml) gave 67e (5.42 g, quant.) as a colorless oil. 
IR υ (KBr, cm-1): 2928, 2857, 1590, 1489, 1470, 1286, 1244, 1171, 1072, 1002, 
821, 641, 506. 
4-Octoxy-1-bromobenzene (73f): According to the general procedure above 
and as mention in table 2, 4-bromophenol (65, 3.46 g, 20 mmol), 1-bromooctane (5.79 
g, 30 mmol) with KOH (1.68 g, 30 mmol, 1.5 eq) in dimethyl sulfoxide (DMSO, 20 
ml) gave 67f (5.66 g, quant.) as a colorless oil. 
IR υ (KBr, cm-1): 2927, 2855, 1591, 1489, 1469, 1286, 1245, 1171, 1072, 1002, 
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Scheme 28: Preparation of 4-bromocinnamaldehyde (76). 
 
Procedure A: A mixture of 4-bromobenzaldehyde (8, 1.85 g, 10 mmol) and 
formylmethylidenetriphenylphosphorane (74, 4.26 g, 14 mmol) was heated at 90°C 
under stirring in a closed flask for 20h. The reaction mixture was cooled and subjected 
to column chromatography (CH2Cl2/hexane 5:1) on silica gel, directly, to give 4-
bromocinnamaldehyde (76, 443 mg, 21%). It was noted that 4-benzaldehyde (8) 
sublimated at the reaction temperature and was partially lost to the reaction. 
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Procedure B: In order to activate formylmethylidenetriphenylphosphorane 
(74), SiO2 (600 mg) was added to the mixture. Therefore, a mixture of 4-
bromobenzaldehyde (75, 1.85 g, 10 mmol) and formylmethylidenetriphenyl-
phosphorane (74, 4.26 g, 14 mmol) were heated under stirring in a closed flask for 20 
h. The reaction mixture was cooled. TLC analysis only shoed trace amounts of 4-
bromocinnamaldehyde, and the work-up of the reaction was not pursued further. 
Procedure C: A mixture of 4-bromobenzaldehyde (75, 1.85 g, 10 mmol) and 
formylmethylidenetriphenylphosphorane (74, 4.26 g, 14 mmol) was heated at 103°C 
under stirring in a closed reaction tube for 20 h, where the reaction tube was submerged 
totally into the oil bath. The reaction mixture was cooled and subjected to column 
chromatography (CH2Cl2/hexane 5:1) on silica gel, directly, to give 4-
bromocinnamaldehyde (75, 718 mg, 34%). δH (400 MHz, CDCl3) 6.70 (1H, dd, 
3J = 
16.0 Hz, 3J = 8.0 Hz), 7.41 (1H, d, 3J = 16.0 Hz), 7.43 (2H, d, 3J = 8.4 Hz), 7.57 (2H, 
d, 3J = 8.4 Hz), 9.70 (1H, d, 3J = 8.0 Hz, CHO); δC (100.5 MHz, CDCl3) 125.7 (Cquat), 
128.4 (CH), 129.8 (2C, CH), 132.4 (2C, CH), 132.9 (Cquat), 151.2 (CH), 193.4 (CHO). 
In procedures A and C, small amounts of 5-(4-bromophenyl)penta-2,4-dienal (76) 
were produced, also: δH (400 MHz, CDCl3) 6.28 (1H, dd, 
3J = 15.2 Hz, 3J = 8.0 Hz), 
6.93 - 7.00 (2H, m), 7.23 (1H, d, 3J = 15.2 Hz, 3J = 8.0 Hz), 7.36 (2H, d, 3J = 7.8 Hz), 
7.50 (2H, d, 3J = 7.8 Hz), 9.62 (1H, d, 3J = 8.0 Hz, CHO); δC (100.5 MHz, CDCl3) 
123.8 (Cquat), 126.8 (CH), 129.9 (2C., CH), 132.0 (2C, CH), 132.1 (CH), 134.5 (Cquat), 
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Scheme 29: Preparation of methyl 4-bromo- and 3-bromobenzoates. 
 
Methyl 4-bromobenzoate (78b) 
A mixture of 4-bromobenzoic acid (1.285 g, 6.39 mmol) in 20 ml MeOH, with 
1 ml conc. H2SO4 added, is held at reflux for 18 h. The cooled solution is given to half-
conc. aq. Na2CO3 (150 ml) and extracted with CHCl3 (3 × 70 ml). The combined 
organic phase is dried over anhydrous MgSO4 and concentrated in vacuo to give 
methyl 4-bromobenzoate (78b, 1.2 g, 87%) as a colorless, crystalline solid, mp. 80°C 
(Lit. mp. 80°C; (Hajipour & Mazloumi, 2002)). 
IR υ (KBr, cm-1): 1718, 1590, 1440, 1397, 1302, 1278, 1116, 1107, 759; δH 
(400 MHz, CDCl3) 3.90 (3H, s CO2CH3), 7.57 (2H, d, 
3J = 8.8 Hz), 7.89 (2H, d, 3J = 
8.8 Hz); δC (100.5 MHz, CDCl3) 55.3 (CO2CH3), 128.0 (Cquat), 129.0 (Cquat), 131.1 
(2C, CH), 131.7 (2C, CH), 166.3 (Cquat, CO). 
Methyl 3-bromobenzoate (78a) 
A mixture of 3-bromobenzoic acid (1.106 g, 5.50 mmol) in 15 ml MeOH, with 
1 ml conc. H2SO4 added, is held at reflux for 18 h. The cooled solution is given to half-
conc. aq. Na2CO3 (150 ml) and extracted with CHCl3 (3 × 70 ml). The combined 
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organic phase is dried over anhydrous MgSO4 and concentrated in vacuo to give 
methyl 4-bromobenzoate (78a, 1.11 g, 94%) as a as a colorless oil. 
IR υ (KBr, cm-1): 3069, 2999, 2952, 2842, 1727, 1571, 1437, 1294, 1260, 1121, 
1009, 971, 835, 746, 718, 673, 651; δH (400 MHz, CDCl3) 3.91 (3H, s, CO2CH3), 7.30 
(1H, m), 7.65 (1H, m), 7.96 (1H, m), 8.15 (1H, m); δC (100.5 MHz, CDCl3) 52.4, 
122.5, 130.0, 132.1, 132.6, 135.9, 165.8. 
2.2.4 One Pot Wittig – O-alkylation Reactions with 3-hydroxy-4-methoxybenz-
aldehyde  










Scheme 30: Preparation of methyl 4-methoxycinnamate (80). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 4-hydroxybenzaldehyde (79, 1.22 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, iodomethane (2.04 g, 14.3(5) 
mmol) was added to the mixture (exothermic reaction!). After 10 min, methoxy-
carbonylmethylidenetriphenylphosphorane (64, Ph3P=CHCO2Me, 5.15 g, 14.9 mmol) 
was added. The reaction was heated at 80°C for 1h, thereafter stirred at rt for another 
5 h. The resulting mixture was poured into cold water (75 ml) and extracted with 
CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous MgSO4. 
Column chromatography of the residue on silica gel (CH2Cl2) gave methyl 4-
methoxycinnamate (80) as a slowly crystallizing colorless solid (1.71 g, 89%). 
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 IR υ (KBr, cm-1): 2950, 2841, 1715, 1605, 1512, 1254, 1177, 1120, 1030, 768. 










Scheme 31: Preparation of methyl 4-ethoxycinnamate (81). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 4-hydroxybenzaldehyde (79, 1.22 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, ethyl iodide (2.36 g, 15.1 mmol) 
was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidene-triphenylphosphorane (Ph3P=CHCO2Me 64, 5.15 g, 
14.9 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 4-ethoxycinnamate (81) as a colorless solid (1.87 g; 91%). 
IR υ (KBr, cm-1): 3039, 2978, 2935, 2887, 1709, 1636, 1605, 1513, 1288, 1254, 
1174, 1118, 1046, 996, 835, 808, 576, 523; δH (400 MHz, CDCl3) 1.42 (3H, t, 
3J = 7.2 
Hz, CH3), 4.05 (2H, q, 
3J = 7.2 Hz, OCH2), 3.79 (3H, s, OCH3), 6.29 (1H, d, 
3J = 16.0 
Hz), 6.88 (2H, d, 3J = 8.8 Hz), 7.46 (2H, d, 3J = 8.8 Hz), 7.64 (1H, d, 3J = 16.0 Hz); δC 
(100.5 MHz, CDCl3) 14.7 (CH3), 51.6 (OCH3), 63.6 (OCH2), 114.8 (2C, CH), 115.1 
(CH), 126.9 (Cquat), 129.7 (2C, CH), 144.6 (CH), 160.8 (Cquat), 167.8 (Cquat, CO). 
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Scheme 32: Preparation of methyl 4-propoxycinnamate (82). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 4-hydroxybenzaldehyde (79, 1.22 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, 3-iodopropane (2.46 g, 14.5 mmol) 
was added to the mixture (exothermic reaction!). After 10 min, methoxycarbonyl-
methylidenetriphenylphosphorane (Ph3P=CHCO2Me 64, 5.15 g, 14.9 mmol) was 
added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt for another 5 h. 
The resulting mixture was poured into cold water (75 ml) and extracted with CHCl3 (3 
× 50 ml). The organic phase was separated and dried over anhydrous MgSO4. The 
residue was subjected to column chromatography on silica gel to give methyl 4-
propoxycinnamate (82) as a pale yellow solid (1.94 g, 88%), mp. 76°C (Lit 78°C 
(Hedvati et al., 2002)). 
  IR υ (KBr, cm-1): 2966, 2879, 1718, 1637, 1605, 1512, 1289, 1257, 1206, 1171, 
1112, 993, 832, 819, 528; δH (400 MHz, CDCl3) 1.03 (3H, t, 
3J = 7.2 Hz, CH3), 1.80 
(2H, dt, 3J = 7.2 Hz, 3J = 6.0 Hz), 3.78 (3H, s, OCH3), 3.94 (t, 2H, 
3J = 6.0 Hz, OCH2), 
6.29 (1H, d, 3J = 16.0 Hz), 6.88 (2H, d, 3J = 9.2 Hz), 7.45 (2H, d, 3J = 9.2 Hz), 7.64 
(1H, d, 3J = 16.0 Hz); δC (100.5 MHz, CDCl3) 10.5 (CH3), 22.5 (CH2), 51.6 (OCH3), 
69.6 (OCH2), 114.8 (2C, CH), 115.0 (CH), 126.8 (Cquat), 129.7 (2C, CH), 144.6 (CH), 
161.0 (Cquat), 167.8 (Cquat, CO). 
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Scheme 33: Preparation of methyl 4-butoxycinnamate (83). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 4-hydroxybenzaldehyde (79, 1.22 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, 4-iodobutane (2.43 g, 13.2 mmol) 
was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidene-triphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
14.9 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 4-butoxycinnamate (83) as a pale, yellow solid (2.13 g, 91%). 
IR υ (KBr, cm-1): 2960, 2874, 1714, 1633, 1604, 1512, 1251, 1170, 1004, 939, 
574, 522. δH (400 MHz, CDCl3) 0.89 (3H, t, 
3J = 7.0 Hz, CH3), 1.32-1.85 (4H, m), 
3.78 (3H, s, CO2CH3), 3.97 (t, 2H, 
3J = 7.0 Hz, OCH2), 6.30 (1H, d, 
3J = 16.0 Hz), 
6.88 (2H, d, 3J = 8.0 Hz), 7.46 (2H, d, 3J = 8.0 Hz), 7.65 (1H, d, 3J = 16.0 Hz). δC 
(100.5 MHz, CDCl3) 13.9 (CH3), 19.2 (CH2), 29.3 (CH2), 51.4 (OCH3), 67.8 (OCH2), 
114.9 (2C, CH), 115.0 (CH), 126.9 (Cquat), 129.5 (2C, CH), 144.7 (CH), 161.0 (Cquat), 
167.9 (Cquat, CO). 
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Scheme 34: Preparation of methyl 4-bromobenzyloxycinnamate (85). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 4-hydroxybenzaldehyde (79, 1.22 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, 4-bromobenzyl bromide (84, 3.0 
g, 12.0 mmol) was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
14.9 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel (CH2Cl2) 
to give 85 as a colorless solid (3.33 g, 96%). 
IR υ (KBr, cm-1): 2948, 2918, 2862, 1721, 1641, 1604, 1510, 1285, 1251, 1175, 
1009, 983, 821, 551, 530, 497; δH (400 MHz, CDCl3) 3.79 (3H, s, OCH3), 5.03 (2H, s, 
OCH2), 6.94 (2H, d, 
3J = 8.8 Hz), 6.31 (1H, d, 3J = 16.0 Hz), 7.29 (2H, d, 3J = 8.8 Hz), 
7.46 (2H, d, 3J = 8.0 Hz), 7.51 (2H, d, 3J = 8.0 Hz), 7.64 (1H, d, 3J = 16.0 Hz); δC 
(100.5 MHz, CDCl3) 51.6 (OCH3), 69.2 (OCH2), 115.2 (2CH), 115.6 (CH), 122.1 
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(Cquat), 127.5 (Cquat), 129.1 (2C, CH), 129.8 (2C, CH), 131.8 (2C, CH), 135.5 (Cquat), 
144.4 (CH), 106.2(Cquat), 167.7 (Cquat, CO). 










Scheme 35: Preparation of methyl 2-methoxycinnamate (87). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 2-hydroxybenzaldehyde (salicylaldehyde, 86, 1.22 g, 10 
mmol) was added. The reaction mixture was stirred at rt. Then, iodomethane (2.04 g, 
14.3(5) mmol) was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
14.9 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 2-methoxycinnamate (87) as a colorless oil (1.63 g, 85%).  
IR υ (KBr, cm-1): 3001, 2950, 2839, 1716, 1633, 1598, 1489, 1437, 1322, 1250, 
1197, 1170, 1123, 1108, 1027, 755. δH (400 MHz, CDCl3) 3.80 (3H, s, OCH3), 3.89 
(3H, s, OCH3), 6.53 (1H, d, 
3J = 16.2 Hz), 6.92 - 6.98 (2H, m), 7.35 (1H, m), 7.50 (dd, 
3J = 7.7, 4J = 1.7 Hz, 1H), 8.00 (1H, d,  3J = 16.2 Hz); δC (100.5 MHz, CDCl3) 51.6, 
55.5. 111.2. 118.4, 120.7, 123.5, 128.9, 131.5, 140.3, 158.4, 167.9. 
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Scheme 36: Preparation of methyl 2-ethoxycinnamate (88). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 2-hydroxybenzaldehyde (salicylaldehyde, 86, 1.22 g, 10 
mmol) was added. The reaction mixture was stirred at rt. Then, iodomethane (2.25 g, 
14.4 mmol) was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
14.9 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 2-ethoxycinnamate (88) as a colorless oil (1.77 g, 86%). 
IR υ (KBr, cm-1): 2982, 2949, 2899, 1716, 1632, 1599, 1491, 1456, 1435, 1322, 
1272, 1247, 1195, 1171, 1118, 1043, 990, 753; δH (400 MHz, CDCl3) 1.42 (3H, t, 
3J = 
7.2 Hz, CH3), 3.78 (3H, s, OCH3), 4.07 (2H, t, 
3J = 7.2 Hz, OCH2), 6.53 (1H, d, 
3J = 
16.2 Hz), 6.92 - 6.98 (2H, m), 7.35 (1H, m), 7.50 (dd, 3J = 7.7, 4J = 1.7 Hz, 1H), 8.00 
(1H, d,  3J = 16.2 Hz); δC (100.5 MHz, CDCl3) 17.5, 50.5, 61.8, 111.2, 118.4, 120.7, 














Scheme 37: Preparation of methyl 2-propoxycinnamate (89). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 2-hydroxybenzaldehyde (salicylaldehyde, 86, 1.22 g, 10 
mmol) was added. The reaction mixture was stirred at rt. Then, iodopropane (2.46 g, 
14.5 mmol) was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
14.9 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 2-propoxycinnamate (89) as a colorless oil (2.0 g, 91%). 
IR υ (KBr, cm-1): 2967, 1716, 1631, 1455, 1321, 1271, 1168, 752; δH (400 
MHz, CDCl3) δH (400 MHz, CDCl3) 1.05 (3H, t, 
3J = 7.2 Hz, CH3), 1.87 (2H, dt, 
3J = 
7.2 Hz, 3J = 6.8 Hz), 3.78 (3H, s, OCH3), 4.01 (2H, t, 
3J = 6.8 Hz, OCH2), 6.53 (1H, 
d, 3J = 16.2 Hz), 6.92 - 6.98 (2H, m), 7.35 (1H, m), 7.50 (dd, 3J = 7.7, 4J = 1.7 Hz, 
1H), 8.00 (1H, d,  3J = 16.2 Hz); δC (100.5 MHz, CDCl3) 17.5, 50.5, 61.8, 111.2, 118.4, 
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Scheme 38: Preparation of methyl 3,4-dimethoxycinnamate (91). 
 
Potassium hydroxide (KOH, 1.68 g, 30 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 12 ml), 
stirred for 10 min. After that, 3-hydroxy-4-methoxybenzaldehyde (90, 3.04 g, 20 
mmol) was added. The reaction mixture was stirred at rt. Then, iodomethane (4.08 g, 
28.7 mmol) was added to the mixture (exothermic reaction!). After 10 min, methoxy-
carbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 10.3 g, 29.8 mmol) 
was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt for another 
5 h. The resulting mixture was poured into cold water (75 ml) and extracted with 
CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous MgSO4. 
The residue was subjected to column chromatography on silica gel to give methyl 3,4-
dimethoxycinnamate (91, trans/cis: 95:5) as a colorless, slowly crystallizing oil (2.04 
g, 93%). 
IR υ (KBr, cm-1): 3440, 3000, 2951, 2838, 1712, 1633, 1599, 1515, 1435, 1333, 
1250, 1193, 1113, 1025; δH (400 MHz, CDCl3) 3.69 (3H, s, OCH3), 3.79 (6H, s, 2 
OCH3), 6.23 (1H, d, 
3J = 16.0 Hz), 6.85 (1H, d, 3J = 8.0 Hz), 7.04 (1H, d, 4J = 2.0 Hz), 
7.09 (1H, dd, 3J = 8.0 Hz, 4J = 2.0 Hz), 7.58 (1H, d, 3J = 16.0 Hz); δC (100 MHz, 
















Scheme 39: Preparation of methyl 3-ethoxy-4-methoxycinnamate (92). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml). 
After that, 3-hydroxy-4-methoxybenzaldehyde (90, 1.52 g, 10 mmol) was added, and 
the solution was stirred for 10 min at rt. Then, iodoethane (2.45 g, 1.4 mol) was added 
dropwise. The resulting mixture was stirred at rt. for 10 min, whereby the color of the 
solution turned yellow. The reaction produced heat. Methyl carboxymethylidene-
triphenylphosphorane (64, 5.15 g, 15.4 mmol) was added to the mixture. The reaction 
was heated at 80°C for 1 h, thereafter stirred at rt for another 5 h. The resulting mixture 
was poured into cold water (75 ml) and extracted with CHCl3 (3 × 50 ml). The organic 
phase was separated and dried over anhydrous MgSO4. The residue was subjected to 
column chromatography on silica gel to give methyl 3-ethoxy-4-methoxycinnamate 
(92, trans/cis: > 95:5) as a pale yellow solid (2.11 g, 90%). 
IR υ (KBr, cm-1):  3448, 3028, 2978, 2836, 2609, 2503, 2285, 2050, 1948, 
1891, 1813, 1696, 1627, 1592, 1516, 1350, 1226, 1031, 984, 799, 699, 538; δH (400 
MHz, CDCl3) 1.47 (3H, t, 
3J = 7.2 Hz), 4.11 (2H, q, 3J = 7.2 Hz), 3.78 (3H, s, OCH3), 
3.89 (3H, s, OCH3), 6.28 (1H, d, 
3J = 16.0 Hz), 6.85 (1H, d, 3J = 8.0 Hz), 7.04 (1H, d, 
4J = 2.0 Hz), 7.09 (1H, dd, 3J = 8.0 Hz, 4J = 2.0 Hz), 7.61 (1H, d, 3J = 16.0 Hz); δC 
(100.5 MHz, CDCl3) 14.7 (CH3), 51.6 (OCH3), 56.0 (OCH3), 64.3 (OCH2), 110.9 
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(CH), 111.1 (CH), 115.3 (CH), 122.5 (CH), 127.2 (Cquat), 144.9 (CH), 148.4 (Cquat), 
151.4 (Cquat), 167.7 (Cquat, CO). 












Scheme 40: Preparation of methyl 3-propoxy-4-methoxycinnamate (93). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground in a mortar under 
pentane to give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), 
stirred for 10 min. After that, 3-hydroxy-4-methoxybenzaldehyde 90 (1.52 g, 10 
mmol) was added. The reaction mixture was stirred at rt. Then, iodopropane (2.24 g, 
13.2 mmol), was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonyl-methylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
15.4 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 3-propoxy-4-methoxycinnamate (93, trans/cis: > 95:5) as a nearly colorless 
solid (2.35 g, 95%). 
IR υ (KBr, cm-1): 3412, 3058, 2875, 2841, 2033, 1871, 1707, 1638, 1512, 1395, 
1305, 1259, 1160, 987, 913, 817, 774, 738, 606, 520, 452; δH (400 MHz, CDCl3) 1.05 
(3H, t, 3J = 7.2 Hz, CH3), 1.87 (2H, dt, 
3J = 7.2 Hz, 3J = 6.8 Hz), 3.79 (3H, s, OCH3), 
3.89 (3H, s, OCH3), 4.00 (2H, t, 
3J = 6.8 Hz, OCH2), 6.28 (1H, d, 
3J = 16.0 Hz), 6.85 
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(1H, d, 3J = 8.0 Hz), 7.05 (1H, d, 4J = 2.0 Hz), 7.06 (1H, dd, 3J = 8.0 Hz, 4J = 2.0 Hz), 
7.61 (1H, d, 3J = 16.0 Hz); δC (100.5 MHz, CDCl3) 10.4 (CH3), 22.4 (CH2), 51.6 
(OCH3), 56.0 (OCH3), 70.4(5) (OCH2), 111.1 (CH), 111.3 (CH), 115.2 (CH), 122.5 
(CH), 127.2 (Cquat), 144.9 (CH), 148.6(5) (Cquat), 151.7 (Cquat), 167.7 (Cquat, CO). 













Scheme 41: Preparation of methyl 3-butoxy-4-methoxycinnamate (94). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was ground under pentane to 
give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), stirred for 
10 min. After that, 3-hydroxy-4-methoxybenzaldehyde (90, 1.52 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, iodobutane (2.43 g), was  
added to the mixture (exothermic reaction!). After 10 min, methoxycarbonyl-
methylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 15.4 mmol) was 
added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt for another 5 h. 
The resulting mixture was poured into cold water (75 ml) and extracted with CHCl3 (3 
× 50 ml). The organic phase was separated and dried over anhydrous MgSO4. The 
residue was subjected to column chromatography on silica gel to give methyl 3-
butoxy-4-methoxycinnamate (94, trans/cis: > 95:5) as a pale yellow solid (2.44 g, 
93%). 
IR υ (KBr, cm-1): 2956, 2870, 1712, 1633, 1514, 1433, 1306, 1262, 1139, 1019, 
985, 959, 775; δH (400 MHz, CDCl3) 0.98 (3H, t, 
3J = 6.8 Hz, CH3), 1.49 – 1.52 (2H, 
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m), 1.81 – 1.85 (2H, m), 3.88 (3H, s, OCH3), 3.89 (3H, s, OCH3), 4.02 (2H, t, 
3J = 6.8 
Hz, OCH2), 6.28 (1H, d, 
3J = 16.0 Hz), 6.84 (1H, d, 3J = 8.8 Hz), 7.04 - 7.09 (2H, m), 
7.61 (1H, d, 3J = 16.0 Hz); δC (100.5 MHz, CDCl3) 13.9 (CH3), 19.2 (CH2), 31.1 (CH2), 
51.6 (OCH3), 56.0 (OCH3), 68.7 (OCH2), 111.1 (CH), 111.2 (CH), 115.2 (CH), 122.5 
(CH), 127.2 (Cquat), 144.9 (CH), 148.7 (Cquat), 151.5 (Cquat), 167.8 (Cquat, CO). 













Scheme 42: Preparation of methyl 3-(4-bromobenzyloxy)-4-methoxy-cinnamate (95). 
 
Potassium hydroxide (KOH, 0.84 g, 15 mmol) was grround under pentane to 
give a fine powder. This was added to dimethyl sulfoxide (DMSO, 10 ml), stirred for 
10 min. After that, 3-hydroxy-4-methoxybenzaldehyde (90, 1.52 g, 10 mmol) was 
added. The reaction mixture was stirred at rt. Then, 4-bromobenzyl bromide (3.0 g, 12 
mmol), was added to the mixture (exothermic reaction!). After 10 min, 
methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64, 5.15 g, 
15.4 mmol) was added. The reaction was heated at 80°C for 1 h, thereafter stirred at rt 
for another 5 h. The resulting mixture was poured into cold water (75 ml) and extracted 
with CHCl3 (3 × 50 ml). The organic phase was separated and dried over anhydrous 
MgSO4. The residue was subjected to column chromatography on silica gel to give 
methyl 3-(4-bromobenzyloxy)-4-methoxycinnamate (trans/cis: > 95:5) as a pale 
yellow solid (95, 3.53 g, 93.4%). 
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IR υ (KBr, cm-1): 3016, 2934, 2838, 1727, 1634, 1600, 1514, 1434, 1305, 1268, 
1158, 1141, 101, 846, 808, 767, 610, 481. ;  δH (400 MHz, CDCl3) 3.78 (3H, s, OCH3), 
3.90 (3H, s, OCH3), 6.88 (1H, d, 
3J = 8.4 Hz), 5.10 (2H, s, OCH2), 6.23 (1H, d, 
3J = 
16.0 Hz), 7.03 (1H, d, 4J = 1.6 Hz), 7.12 (1H, dd, 3J = 8.4 Hz, 4J = 1.6 Hz), 7.32 (2H, 
d, 3J = 8.4 Hz), 7.50 (2H, d, 3J = 8.4 Hz), 7.57 (1H, d, 3J = 16.0 Hz); δC (100.5 MHz, 
CDCl3) 51.6 (OCH3), 56.1 (OCH3), 70.3 (OCH2), 111.5 (CH), 112.6 (CH), 115.6 (CH), 
122.0 (Cquat), 123.1 (CH), 127.2 (Cquat), 129.0 (2C, CH), 131.8 (2C, 2 CH), 135.7 
(Cquat), 144.6 (CH), 148.0 (Cquat), 151.7 (Cquat), 167.6 (Cquat, CO).  
 
2.2.5 One-Pot Suzuki – Single Wittig Olefination 















Scheme 43: Preparation of methyl 3-(3’-nitrophenyl)cinnamate (98). 
 
3-Nitrophenylboronic acid (334 mg, 2.0 mmol, 97), 3-bromobenzaldehyde (96, 
370 mg, 2.0 mmol), methoxycarbonylmethylidenetriphenylphosphorane (64, 1.87 g, 
6.0 mmol), bis(triphenylphosphine)palladium (II) dichloride (3, 32 mg, 4.56 × 10-2 
mmol) and triphenylphosphine (55, 32 mg, 1.2 × 10-4 mol) in a solvent mixture of 1,2-
dimethoxyethane (DME, 10 ml) and aq. Na2CO3 (2.32 g Na2CO3 in 10 ml H2O) was 
saturated with argon. Thereafter, the mixture was heated at 82°C for 12 h. The cooled 
mixture was added to water (70 ml) and extracted with CHCl3 (2 × 50 ml). The organic 
phase was separated, dried over anhydrous MgSO4 and evaporated in vacuo. The 
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residue was subjected to column chromatography on silica gel (CH2Cl2) to give methyl 
3-(3’-nitrophenyl)cinnamate (97, 400 mg, 71%) as a light brown solid; δH (400 MHz, 
CDCl3) 3.82 (3H, s, CO2CH3), 6.53 (1H, d, 
3J = 16.0 Hz), 7.51 – 7.65 (4H, m), 7.73 
(1H, s), 7.75 (1H, d, 3J = 16.0 Hz), 7.90 (1H, bd, 3J = 8.4 Hz), 8.22 (1H, dd, 3J = 8.4 
Hz, 4J = 2.0 Hz), 8.43 (1H, d, 4J = 2.0 Hz); δC (100.5 MHz, CDCl3) 51.8 (CO2CH3), 
118.8(5) (CH), 121.9(5) (CH), 122.4(5) (CH), 126.8 (CH), 127.9 (CH), 128.9 (CH), 
129.8 (CH), 129.9 (CH), 133.0 (CH), 135.3 (Cquat), 139.4 (Cquat), 142.0 (Cquat), 144.1 
(CH), 148.7 (Cquat), 167.2 (Cquat, CO). 
















Scheme 44: Preparation of methyl (E,E)-5-(4’-nitro-1,1’-biphen-4-yl)-penta-2,5-
dienoate (100).  
 
Procedure A: 4-Nitrophenylboronic acid (99, 334 mg, 2.0 mmol), 4-
bromocinnamaldehyde (75, 420 mg, 2.0 mmol), methoxycarbonylmethyl-
idenetriphenylphosphorane (64, 1.87 g, 6.0 mmol), bis (triphenylphosphine) palladium 
(II) dichloride (3, 32 mg, 4.56 × 10-2 mmol) and triphenylphosphine (55, 32 mg, 1.2 × 
10-4 mol) in a solvent mixture of 1,2-dimethoxyethane (DME, 10 ml) and aq. Na2CO3 
(2.32 g Na2CO3 in 10 ml H2O) was saturated with argon. Thereafter, the mixture was 
heated at 82°C for 12 h. The cooled mixture was added to water (70 ml) and extracted 
with CHCl3 (2 × 50 ml). The organic phase was separated, dried over anhydrous 
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MgSO4 and evaporated in vacuo. The residue was subjected to column 
chromatography on silica gel (CH2Cl2) to give methyl 5-(4’-nitro-
1,1’biphenyl)pentadienoate (100, 450 mg, 73%) as a bright yellow solid. 
Procedure B: A reaction mixture of 4-nitrophenylboronic acid (99, 375 mg, 
2.25 mmol), 4-bromocinnamaldehyde (75, 360 mg, 1.70 mmol), 
methoxycarbonylmethyl-idenetriphenylphosphorane (64, 830 mg, 2.49 mmol), 
Pd(PPh3)2Cl2 (98, 25 mg, 3.6 × 10
-5 mol), and triphenylphosphine (55, PPh3, 25 mg, 
9.5 × 10-5 mol) in the biphasic solvent system aq. Na2CO3 (2.32 g Na2CO3 in 10 ml 
H2O) and 1,2-dimethoxyethane (DME, 10 ml) was stirred at 70°C for 24 h. Thereafter, 
the cooled mixture was extracted with chloroform (3 × 20 ml) and water (50 ml). The 
organic phase was dried over anhydrous MgSO4, filtered, and concentrated in vacuo. 
The residue was subjected to column chromatography on silica gel to give 100 (431 
mg,  83%) as a bright-yellow solid; δH (400 MHz, CDCl3) 3.79 (3H, s, CO2CH3), 6.04 
(1H, d, 3J = 15.2 Hz), 6.94 – 6.96 (2H, m), 7.45 – 7.49 (1H, m), 7.58 (2H, d, 3J = 9.2 
Hz), 7.65 (2H, d, 3J = 9.2 Hz), 7.75 (2H, d, 3J = 9.2 Hz), 8.30 (2H, d, 3J = 9.2 Hz); δC 
(100.5 MHz, CDCl3) 51.7 (CO2CH3), 121.6 (CH), 124.2 (2C, CH), 127.2 (CH), 127.6 
(2C, CH), 127.8 (2C, CH), 127.9 (2C, CH), 139.0 (Cquat), 139.3 (CH), 144.4 (CH), 

























Scheme 45: Preparation of methyl (E,E)-5-(3’-nitrobiphenyl)penta-2,4-dienoate (101).  
 
A reaction mixture of 3-nitrophenylboronic acid (97, 270 mg, 1.62 mmol), 4-
bromocinnamaldehyde (75, 260 mg, 1.23 mmol), methoxycarbonylmethyl-
idenetriphenylphosphorane (64, 600 mg, 1.80 mmol), Pd(PPh3)2Cl2 (3, 25 mg, 3.6 × 
10-5 mol), and triphenylphosphine (55, PPh3, 25 mg, 9.5 × 10
-5 mol) in the biphasic 
solvent system aq. Na2CO3 (7 ml, 2.32 g Na2CO3 in 10 ml H2O) and 1,2-
dimethoxyethane (DME, 10 ml) was stirred at 70°C for 24 h. Thereafter, the cooled 
mixture was extracted with chloroform (3 × 20 ml) and water (50 ml). The organic 
phase was dried over anhydrous MgSO4, filtered, and concentrated in vacuo. The 
residue was subjected to column chromatography on silica gel to give 101 (362 mg, 
95%) as a bright-yellow solid; IR υ (KBr, cm-1): 1685, 1618, 1529, 1354, 1242, 1144, 
997; δH (400 MHz, CDCl3) 3.78 (3H, s, OCH3 ), 6.08 (1H, d, 
3J = 15.6 Hz), 6.93 – 
6.95 (2H, m), 7.45 – 7.59 (1H, m), 7.58 (2H, d, 3J = 8.4 Hz), 7.62 (dd, 3J = 8.0 Hz, 3J 
= 8.0 Hz), 7.63 (2H, d, 3J = 8.4 Hz), 7.92 (1H, d, 3J = 8.0 Hz), 8.20 (1H, d, 3J = 8.0 
Hz), 8.45 (1H, s); δC (100.5 MHz, CDCl3) 51.7 (OCH3), 121.4, 121.7, 122.3, 127.0, 
127.5 (2C), 127.9 (2C), 129.9, 132.8, 136.3, 138.9, 139.4, 141.9, 144.5, 148.7, 167.4 
(Cquat, CO); UV (CH2Cl2 ) λmax = 330 nm (ε = 36690 M 
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104 as a colorless solid - IR υ (KBr, cm-1): 2948, 1711, 1632, 1496, 1440, 1314, 
1196, 1174, 985, 810; δH (400 MHz, CDCl3) 2.41 (3H, s, CH3), 3.82 (3H, s, OCH3), 
6.46 (1H, d, 3J = 16.0 Hz), 7.27 (2H, d, 3J = 7.2 Hz), 7.51 (2H, d, 3J = 7.2 Hz), 7.58 
(2H, d, 3J = 6.0 Hz), 7.61 (2H, d, 3J = 6.0 Hz), 7.73 (1H, d, 3J = 16.0 Hz); δC (100.5 
MHz, CDCl3) 21.2 (CH3), 51.7 (OCH3), 117.4 (CH), 126.9 (2C, CH), 127.3 (2C, CH), 
128.6 (2C, CH), 129.6 (2C, CH), 133.0 (Cquat), 137.2 (Cquat), 137.8 (Cquat), 143.0 
(Cquat), 144.5 (CH), 167.5 (Cquat, CO). 
Preparation of methyl 4’-ethoxybiphen-1,1’-ylacrylate (106b) 
 
A reaction mixture of 4-formylphenylboronic acid (105, 300 mg, 2.0 mmol), 
bromo-4-ethoxybenzene (73b, 402 mg, 2.0 mmol), 
methoxycarbonylmethylidenetriphenyl-phosphorane (64, 940 mg, 2.82 mmol), 
Pd(PPh3)2Cl2 (3, 32 mg, 4.6 × 10
-5 mol), and triphenylphosphine (55, PPh3, 32 mg, 1.2 
× 10-4 mol) in the biphasic solvent system aq. Na2CO3 (10 ml, 2.32 g Na2CO3 in 10 ml 
H2O) and 1,2-dimethoxyethane (DME, 10 ml) was stirred at 70°C for 12 h. Thereafter, 
the cooled mixture was extracted with chloroform (3 × 20 ml) and water (50 ml). The 
organic phase was dried over anhydrous MgSO4, filtered, and concentrated in vacuo. 
The residue was subjected to column chromatography on silica gel (CH2Cl2/CHCl3 
5:1) to give 106b (502 mg, 89%) as a glittering colorless solid; IR υ (KBr, cm-1): 2972, 
2929, 1723, 1638, 1598, 1312, 1260, 1193, 1170, 1046, 984, 825, 810; δH (400 MHz, 
CDCl3) 1.44 (3H, t, 




















106a: R = Me [92%]; 106b: R = Et [89%]
106c: R = n-Pr [87%]; 106d: R = n-Bu [87%]
106e: R = n-Hept [90%]; 106f: R = n-Oct [91%] 
 




3.82 (3H, s, OCH3), 4.08 (2H, q, 
3J = 6.8 Hz, OCH2), 6.46 (1H, d, 
3J = 16.0 
Hz), 6.96-6.98 (2H, m), 7.53-7.57 (6H, m), 7.72 (1H, d, 3J = 16.0 Hz); δC (100.5 MHz, 
CDCl3) 14.8 (CH3), 51.7 (OCH3), 63.5 (OCH2), 114.8 (2C, CH), 117.2 (CH), 127.0 
(2C, CH), 128.1 (2C, CH), 128.6 (2C, CH), 132.4 (Cquat), 132.6 (Cquat), 142.7 (Cquat), 
144.5 (CH), 159.0 (Cquat), 167.5 (Cquat, CO) . 
Methyl 4-methoxybiphenylacrylate (106a) – as a colorless solid; IR υ (KBr, 
cm-1): 3001, 2949, 2843, 1719, 1636, 1600, 1497, 1434, 1314, 1196, 1172, 984, 824, 
814, 505; δH (400 MHz, CDCl3) 3.82 (3H, s, OCH3), 3.86 (3H, s, OCH3), 6.46 (1H, d, 
3J = 16.0 Hz), 6.99 (2H, d, 3J = 8.8 Hz), 7.54-7.58 (6H, m), 7.72 (1H, d, 3J = 16.0 Hz); 
δC (100.5 MHz, CDCl3) 49.1 (OCH3), 52.8 (OCH3), 111.7 (2C, CH), 114.7 (CH), 124.4 
(2C, CH), 125.5 (2C, CH), 126.0 (2C, CH), 130.0 (Cquat), 130.1 (Cquat), 140.1 (Cquat), 
141.9 (CH), 157.0 (Cquat), 165.0 (Cquat, CO). 
Methyl 4-propoxybiphenylacrylate (106c) – as a glittering colorless solid; IR 
υ (KBr, cm-1): 2965, 2939, 2878, 1722, 1638, 1600, 1498, 1313, 1269, 1196, 1172, 
984, 823, 813; δH (400 MHz, CDCl3) 1.06 (3H, t, 
3J = 7.2 Hz, CH3), 1.83 (2H, dt, 
3J = 
7.2 Hz, 3J = 6.8 Hz), 3.97 (2H, t, 3J = 6.8 Hz, OCH2), 6.46 (1H, d, 
3J = 16.0 Hz), 6.97-
6.99 (2H, m), 7.53-7.58 (6H, m), 7.72 (1H, d, 3J = 16.0 Hz); δC (100.5 MHz, CDCl3) 
10.5 (CH3), 22.6 (CH2), 51.7 (OCH3), 69.6 (OCH2), 114.9 (2C, CH), 117.2 (CH), 127.0 
(2C, CH), 128.1(2C, CH), 128.6 (2C, CH), 132.3 (Cquat), 132.6 (Cquat), 142.8 (Cquat), 
144.5 (CH), 159.2 (Cquat), 167.6 (Cquat, CO). 
 Methyl 4-butoxybiphenylacrylate (106d) – as a colorless solid; IR υ (KBr, cm-
1): 2957, 2938, 2873, 1721, 1637, 1600, 1497, 1312, 1194, 1171, 984, 822; δH (400 
MHz, CDCl3) 0.99 (3H, t, 
3J = 7.2 Hz),  1.49 – 1.56 (2H, m), 1.78-1.81 (2H, m), 3.82 
(3H, s, OCH3), 4.01 (2H, 
3J = 6.8 Hz), 6.46 (1H, d, 3J = 16.0 Hz), 6.97 (2H, d, 3J = 8.0 




(CH3), 19.3 (CH2), 31.3 (CH2), 51.7 (OCH3), 67.9 (OCH2), 114.8 (2C, CH), 117.2 
(CH), 127.0 (2C, CH), 128.1 (2C, CH), 128.6 (2C, CH), 132.3 (Cquat), 132.6 (Cquat), 
142.8 (Cquat), 144.5 (CH), 159.2 (Cquat), 167.6 (Cquat, CO).  
Methyl 4-heptoxybiphenylacrylate (106e) – as a colorless solid; IR υ (KBr, cm-
1): 2953, 236, 2859, 1725, 1639, 1607, 1498, 1313, 1197, 1172, 982, 825, 813, 685, 
513, 501; δH (400 MHz, CDCl3) 0.90 (3H, t, 
3J = 7.2 Hz),  1.30 – 1.37  (m, 6H), 1.45 
– 1.47 (2H, m), 1.79 - 1.83 (2H, m), 3.82 (3H, s, OCH3), 4.01 (2H, 
3J = 6.8 Hz), 6.46 
(1H, d, 3J = 16.0 Hz), 6.97 (2H, d, 3J = 8.0 Hz), 7.53 – 7.58 (6H, m), 7.72 (1H, d, 3J = 
16.0 Hz); δC (100.5 MHz, CDCl3) 14.1 (CH3), 22.6 (CH2), 26.0 (CH2), 29.1 (CH2), 
29.3 (CH2), 31.8 (CH2), 51.7 (OCH3), 68.1 (OCH2), 114.9 (2C, CH), 117.2 (CH), 127.0 
(2C, CH), 128.1 (2C, CH), 128.6 (2C, CH), 132.3 (Cquat), 132.6 (Cquat), 142.8 (Cquat), 
144.5 (CH), 159.2 (Cquat), 167.6 (Cquat, CO).  
Methyl 4-octoxybiphenylacrylate (106f) – as a colorless solid; IR υ (KBr, cm-
1): 2955, 2935, 2921, 2857, 1725, 1639, 1601, 1497, 1436, 1338, 1313, 1291, 1267, 
1197, 1172, 999, 982, 825, 814; ; δH (400 MHz, CDCl3) 0.89 (3H, t, 
3J = 7.2 Hz),  1.30 
– 1.37  (m, 8H), 1.45 – 1.47 (2H, m), 1.79 - 1.82 (2H, m), 3.82 (3H, s, OCH3), 4.00 
(2H, 3J = 6.8 Hz), 6.46 (1H, d, 3J = 16.0 Hz), 6.97 (2H, d, 3J = 8.0 Hz), 7.53 – 7.58 
(6H, m), 7.72 (1H, d, 3J = 16.0 Hz); δC (100.5 MHz, CDCl3) 14.1 (CH3), 22.7 (CH2), 
26.1 (CH2), 29.3 (2C, CH2), 29.4 (CH2), 31.8 (CH2), 51.7 (OCH3), 68.1 (OCH2), 114.9 
(2C, CH), 117.2 (CH), 127.0 (2C, CH), 128.0 (2C, CH), 128.6 (2C, CH), 132.3 (Cquat), 
132.6 (Cquat), 142.8 (Cquat), 144.5 (CH), 159.2 (Cquat), 167.6 (Cquat, CO).  
Preparation of methyl 3-(4’-methoxycarbonylbiphen-1,1’-yl)acrylate (107) 
Methyl 4-bromobenzoate (78b, 430 mg, 2.0 mmol), 4-formylphenylboronic 




940 mg, 3.0 mmol), bis(triphenylphosphine)palladium (II) dichloride (3, 32 mg, 4.56 
× 10-2 mmol) and triphenylphosphine (55, 32 mg, 1.2 × 10-4 mol) in a solvent mixture 
of 1,2-dimethoxyethane (DME, 10 ml) and aq. Na2CO3 (2.32 g Na2CO3 in 10 ml H2O) 
was saturated with argon. Thereafter, the mixture was heated at 82°C for 12 h. The 
cooled mixture was added to water (70 ml) and extracted with CHCl3 (2 × 50 ml). The 
organic phase was separated, dried over anhydrous MgSO4 and evaporated in vacuo. 
The solid residue was taken up partially in CHCl3 (65 ml). The remaining solid was 
filtered off, washed with CHCl3 (3 × 20 ml) and air dried to yield the title compound 
(107) (300 mg, 50.7%). The filtrate is separated by column chromatography on silica 
gel (CHCl3/CH2Cl2 1:10) to give further (107) (239 mg, 40.3%); IR υ (KBr, cm
-1): 
3015, 2935, 1725, 1640, 138, 1316, 1289, 1273, 1173, 1114, 985, 830, 777, 740, 697; 
δH (400 MHz, CDCl3) 3.82 (3H, s, CO2CH3), 3.94 (3H, s, CO2CH3), 6.49 (1H, d, 
3J = 
16.0 Hz), 7.61 (2H, d, 3J = 8.4 Hz), 7.64 (2H, d, 3J = 8.4 Hz), 7.67 (2H, d, 3J = 8.8 Hz), 
7.73 (1H, d, 3J = 16.0 Hz), 8.11 (2H, d, 3J = 8.8 Hz); δC (100.5 MHz, CDCl3) 51.8 
(CO2CH3), 52.2 (CO2CH3), 118.2 (CH), 126.9 (2C, CH), 127.7 (2C, CH), 128.7 (2C, 
CH), 129.3 (Cquat), 130.2 (2C, CH), 134.1 (Cquat), 141.7 (Cquat), 144.1 (CH), 144.5 




















































Methyl 3-bromobenzoate (78a, 430 mg, 2.0 mmol), 4-formylphenylboronic 
acid (105, 350 mg, 2.33 mmol), methoxycarbonylmethylidenetriphenylphosphorane 
(64, 940 mg, 3.0 mmol), bis(triphenylphosphine)palladium (II) dichloride (3, 32 mg, 
4.56 × 10-2 mmol) and triphenylphosphine (55, 32 mg, 1.2 × 10-4 mol) in a solvent 
mixture of 1,2-dimethoxyethane (DME, 10 ml) and aq. Na2CO3 (2.32 g Na2CO3 in 10 
ml H2O) was saturated with argon. Thereafter, the mixture was heated at 82°C for 12 
h. The cooled mixture was added to water (70 ml) and extracted with CHCl3 (2 × 50 
ml). The organic phase was separated, dried over anhydrous MgSO4 and evaporated 
in vacuo. The solid residue was taken up partially in CHCl3 (65 ml). The remaining 
solid was filtered off, washed with CHCl3 (3 × 20 ml) and air dried to yield the title 
compound (108) (527 mg, 89%). IR υ (KBr, cm-1): 3026, 2961, 1718, 1708, 1633, 
1447, 1311, 1247, 1191, 1166, 1115, 979, 827, 761, 741, 719, 686, 498; δH (400 MHz, 
CDCl3) 3.83 (3H, s, CO2CH3), 3.95 (3H, s, CO2CH3), 6.50 (1H, d, 
3J = 16.0 Hz), 7.53 
(1H, dd, 3J = 8.0 Hz, 3J = 8.0 Hz), 7.61-7.67 (4H, m), 7.73 (1H, d, 3J = 16.0 Hz), 7.81-
7.82 (1H, m), 8.03-8.06 (1H, m), 8.30 (1H, d, 4J = 1.6 Hz) . δC (100.5 MHz, CDCl3) 
51.8 (CO2CH3), 52.3 (CO2CH3), 117.9 (CH), 127.6 (2C, CH), 128.1 (CH), 128.7 (2C, 
CH), 128.9 (CH), 129.0 (CH), 130.8 (Cquat), 131.4 (CH), 133.8 (Cquat), 141.2 (Cquat), 
141.9 (Cquat), 144.2 (CH), 166.9 (Cquat, CO), 167.4 (Cquat, CO).  
Preparation of 3-(3”-nitrobiphen-3’-yl)acrylic acid (109) 
 To a mixture of 3-bromobenzaldehyde (96, 858 mg, 4.64 mmol), ethoxy-
carbonylmethylidenetriphenylphosphorane (64-Et, 2.0 g, 5.74 mmol), 3-nitro-
phenylboronic acid (97, 771 mg, 4.64 mmol), bistriphenylphosphinopalladium 




















Scheme 50: Preparation of 3-(3”-nitrobiphen-3’-yl)acrylic acid (109). 
 
Na2CO3 (2.52 g Na2CO3 on 10 ml H2O) was added, and the resulting mixture 
was stirred for 24 h at 75°C. Thereafter, aq. NaOH (2.05 g NaOH on 10 ml H2O) was 
added and the mixture was stirred a further 24 h at 95°C. The mixture was cooled, and 
water was added (20 ml). Thereafter, the ensuing precipitate was filtered off. The 
aqueous filtrate was acidified with half conc. HCl, and the aqueous layer was extracted 
with EtOAc (2 × 75 ml). The combined organic extracts were dried over anhydrous 
MgSO4, evaporated in vacuo and the residue was subjected to column chromatography 
on silica gel (EtOAc/hexane: 1/3) to give 109 (670 mg, 54%) as a colorless solid (mp. 
> 230°C); IR υ (KBr, cm-1): 3500 – 2550 (bs, OH), 3019, 1690 (s, C=O), 1631, 1532, 
1221, 790, 682; δH (400 MHz, DMSO-d
6): 6.70 (1H, d, 3J = 16.0 Hz), 7.54 – 7.84 (7H, 
m), 8.12 (1H, m), 8.21 (1H, m); δC (100.5 MHz, DMSO-d
6): 120.7, 121.8, 122.9, 
127.3, 128.7, 129.1, 130.2, 130.9, 133.9, 135.7, 138.9, 141.5, 143.9, 148.9, 168.1. 
Small amounts of 3,3’-dinitro-1,1’-biphenyl as a solid, mp. 201°C (Lit. 200°C 
(Rausch, 1961)) were isolated, also: IR υ (KBr, cm-1): 3079, 1526,1464, 1348, 1266, 
1104, 1083; δH (400 MHz, CDCl3): 7.71 (2H, dd, 




d, 3J = 8.0 Hz), 8.30 (2H, d, 3J = 8.4 Hz), 8.50 (2H, s); δC (100.5 MHz, CDCl3): 140.3, 
133.3, 132.9, 130.2, 123.2, 122.0. 
2.2.7 One-Pot Suzuki – Double Wittig Olefination 
4-Formylphenylboronic acid (105, 300 mg, 2.0 mmol), 4-bromobenzaldehyde 
(102, 370 mg, 2.0 mmol), methoxycarbonylmethylidenetriphenylphosphorane (64, 
1.87 g, 6.0 mmol), bis(triphenylphosphine)palladium (II) dichloride (3, 32 mg, 4.56 × 
10-2 mmol) and triphenylphosphine (PPh3 55, 32 mg, 1.2 × 10
-4 mol) in a solvent 
mixture of 1,2-dimethoxyethane (DME, 10 ml) and aq. Na2CO3 (2.32 g Na2CO3 in 10 
ml H2O) was saturated with argon. Thereafter, the mixture was heated at 82°C for 12 
h. The cooled mixture was added to water (70 ml) and extracted with CHCl3 (2 × 50 
ml). The organic phase was separated, dried over anhydrous MgSO4 and evaporated 
in vacuo. The solid residue was taken up partially in CHCl3 (65 ml). The remaining 
solid was filtered off, washed with CHCl3 (3 × 20 ml) and air dried to yield the title 
compound (110). The filtrate is separated by column chromatography on silica gel 
(CH2Cl2) to give further dimethyl biphenyl-4,4’-diacrylate (110) as a “silvery” solid 
(altogether 580 mg, 90%); IR υ (KBr, cm-1): 2957, 1723, 1639, 1495, 1435, 1342, 
1310, 1208, 1195, 1173, 984, 818, 739, 502, 493;  δH (400 MHz, CDCl3) 3.82 (6H, s, 
2 CO2CH3), 6.48 (2H, d, 
3J = 16.0 Hz), 7.60 (4H, d, 3J = 8.0 Hz), 7.65 (4H, d, 3J = 8.0 
Hz), 7.73 (2H, d, 3J = 16.0 Hz); δC (100.5 MHz, CDCl3) 51.8 (2 CH3, [2 CO2CH3]), 
118.0 (2 CH), 127.4 (4 CH), 144.2 (2 CH), 133.9 (Cquat, 2C), 141.9 (Cquat, 2C), 167.4 



























































3-Formylphenylboronic acid (111, 300 mg, 2.0 mmol), 4-bromobenzaldehyde 
(102, 370 mg, 2.0 mmol), methoxycarbonylmethylidenetriphenylphosphorane (64, 
1.87 g, 6.0 mmol), bis(triphenylphosphine)palladium (II) dichloride (32 mg, 4.56 × 10-
2 mmol) and triphenylphosphine (PPh3 55, 32 mg, 1.2 × 10
-4 mol) in a solvent mixture 
of 1,2-dimethoxyethane (DME, 10 ml) and aq. Na2CO3 (2.32 g Na2CO3 in 10 ml H2O) 
was saturated with argon. Thereafter, the mixture was heated at 82°C for 12 h. The 
cooled mixture was added to water (70 ml) and extracted with CHCl3 (2 × 50 ml). The 
organic phase was separated, dried over anhydrous MgSO4 and evaporated in vacuo. 
The residue was subjected to column chromatography on silica gel (CH2Cl2) to give 
112 as a colorless solid (554 mg, 86%); IR υ (KBr, cm-1): 3028, 2949, 1713, 1636, 
1435, 1312, 127, 1195, 1169, 981, 833, 796, 685; δH (400 MHz, CDCl3) 3.82 (6H, s, 
2 CO2CH3), 6.49 (1H, d, 
3J = 16.0 Hz), 6.52 (1H, d, 3J = 16.4 Hz), 7.52 – 7.53 (1H, 
m), 7.48 (1H, d, 3J = 8.0 Hz), 7.61 – 7.62 (5H, m), 7.73 (1H, d, 3J = 16.0 Hz), 7.74 
(1H, m), 7.76 (1H, d, 3J = 16.4 Hz); δC (100.5 MHz, CDCl3) 51.7(8) (CO2CH3), 51.8 
(CO2CH3), 117.9 (CH), 118.4 (CH), 126.8 (CH), 127.3 (CH), 127.5 (2C, CH), 128.6 
(2C, CH), 128.9 (CH), 129.5 (CH), 133.7 (Cquat), 135.0 (Cquat), 140.9 (Cquat), 142.1(5) 






Chapter 3: Discussion 
 
3.1 One Pot Wittig – O-alkylation Reactions  
First, the stabilized methoxycarbonylmethylidenetriphenylphosphorane (64) had 
to be prepared. For this, triphenylphosphine (55) was reacted with methyl 
bromoacetate (56) in chloroform (CHCl3). The resulting product 
methoxycarbonylmethyltriphenylphosphonium bromide could be crystallized from 
diethyl ether (Scheme 53). After decanting of the solvent, the phosphonium bromide 
was dehydrobrominated in aqueous sodium carbonate (10 w% aq. Na2CO3). For the 
reaction, dichloromethane (CH2Cl2, about 1 vol. for every 10 vol. aq. Na2CO3) was 
added so that the phosphorane would immediately leave the aq. phase. Afterwards, the 
organic phase was separated. The dried CH2Cl2 phase was evaporated to give the 
phosphorene in good yield. The stabilized phosphorane as a solid is stable for many 
months and can be stored under lab condition.  
PPh3 +











Scheme 53: Preparation of phosphonium ylide. 
 
After that, hydroxybenzaldehydes was subjected to two chemical 
transformations at once (in one-pot), starting with an O-alkylation, when the 
hydroxybenzaldehyde was reacted with an alkyl halide in dimethyl sulfoxide (DMSO) 
as a solvent and potassium hydroxide (KOH) as a base. NaOH does not work well in 





synthesis, that is by nucleophilic substitution, mostly through SN2 substitution – only 
in the case of reacting benzyl bromides as alkylating agents can the SN1 mechanism 
operate to some extent side-by-side to SN2. The reaction was run at rt, however, after 
the addition of the alkyl halide, it was noticed that the reaction is exothermic. This has 
already been published for the reaction of the electron-poor oligofluorobenzaldehydes 
with alkoxycarbonylmethylidenetriphenylphosphoranes (Thiemann, 2007).  After 10 
min, methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 64) was 
added to the reaction mixture to start to run a Wittig reaction concurrently with the O-
alkylation. The reaction vessel was heated at 82°C for 1 h. Thereafter, it was stirred at 
rt for another 5 h. The resulting mixture was poured into cold water (75 ml) and 
extracted with CHCl3 (3 × 50 ml). The organic phase was separated and dried over 
anhydrous MgSO4. The residue was subjected to column chromatography on silica gel 
(CH2Cl2) to give the desired products alkoxycinnamates. 
It must be noted that Wittig reactions have been conducted in many different 
solvents such as chloroform, dichloromethane, 1,2-dimethoxyethane (DME) and 
tetrahydrofuran (THF). Also, solventless Wittig reactions and Wittig olefinations in 
water are known, the latter being especially true with stabilized and semi-stabilized 
phosphoranes. DMSO is less used in Wittig olefinations. DMSO is a relatively inert, 
polar non-protic solvent that is known to dissolve organic compounds exceedingly 
well. Only at higher temperatures does DMSO become oxidizing and should be 
avoided in reactions with oxidizable components. Stabilized phosphoranes such as xx 
are not prone to oxidize readily with mild oxidants even at slightly elevated 
temperatures. In the reactions above, DMSO was chosen as a solvent as it is a proven 





important to maintain a selectivity of O- versus C-alkyation. The two ortho-positions 
and the para-position, if unsubstituted, are vulnerable to attack by C-electrophiles. 
This is seen if a large amount of alkyl halide is used in the reactions. The system 
KOH/DMSO, RX is known for its high O-alkylation versus C-alkylation selectivity 
(Abdel-Magid, 2001). 
Figures 1, 2 and 3 shows the series of alkoxycinnamate derivatives that could 
be synthesized this way. The O-methylation/Wittig olefination reactions showed some 
small amounts of side-products, probably due to C-alkylation reactions in the ortho 
position to alkoxy group. This was not found for any of the other alkylating agents. 
This could be expected as Friedel Craft type alkylation is the easiest with a methyl 
group transfer while ethyl group transfer to a ring carbon, even of an electron-rich, 
activated phenol or phenolate, already poses significant problems. The Wittig products 
are formed with a >95:5 E- versus Z-selectivity as is normal in reactions with 
conjugated (stabilized) phosphoranes. This could be determined from the 1H NMR 
spectrum of the products, where 3J coupling constant between the olefinic protons in 
the E-configurated cinnamates is 16.0 Hz, while the same coupling constant for Z-





















































































































































































































3.2 Simple One Pot Wittig – Suzuki Cross Coupling Reactions  
As was mentioned above, Wittig reactions can be run in a number of solvents such 
as CHCl3, CH2Cl2, DMSO, THF and DME. Also, Suzuki cross coupling reactions can 
be run in a number of solvents. Important is that the solvent does not undergo an 
oxidative addition with the catalyst itself and that it does not oxidize the catalyst in its 
reduced form in the catalytic cycle. Additionally, the solvent may be needed as a ligand 
to stabilize certain metal complex(es) in the catalytic cycle. Also, the Suzuki cross 
coupling reaction necessitates a base. It is important that the base can act in the 
catalytic cycle, sufficiently. This means that a certain concentration of the base must 
be present in the phase, in which the catalytic cycle proceeds. The Thiemann group 
has good experience with using the conditions DME/aq. Na2CO3 when using a 
biphasic system. This was shown to be compatible with stabilized phosphoranes 
(Thiemann et al., 1999; Thiemann et al., 2002) and with Wittig olefination reactions 
with stabilized phosphoranes (Thiemann, Watanabe, Tanaka, & Mataka, 2004, 2006). 
Formerly, Pd(PPh3)4 was used as catalyst in these type of reactions. More recently, this 
has been exchanged for the slightly cheaper Pd(PPh3)2Cl2 as pre-catalyst with a 
marginal excess addition of triphenylphosphine (PPh3) as additional ligand. The 
reactions are run under argon at 82°C. While a catalytic cycle can be drawn that 
involves solely monomolecular palladium catalysts, it is likely that after some 45 min 
into the reaction, appreciable palladium clusters or even palladium nanoclusters form 
as evidenced by the dark, virtually black color of the reaction mixture. Whether the 
majority of catalytic activity lies with these palladium nanoparticles or with the 
monomolecular palladium species is not known. This work can be seen as a 




difference in the current work to the previous is that different building blocks were 
used, especially in regard to the aryl halides. Where in the former contributions mostly 
aryl iodides were used, here, exclusively aryl bromides are used. Also, the use of 4-
bromophenylmaleimide (53b) to construct substituted phenylmaleimides such as 113 
and the use of 4-bromocinnamaldehyde (75) as an enaldehyde is novel. The catalyst 
was changed from Pd(PPh3)4 to Pd(PPh3)2Cl2 – PPh3 (see above). Unfortunately, 4-
bromophenylmaleimide (53b) did not work well as substrate in the reaction under the 
conditions used (DME/aq. Na2CO3) (Figure 4). As soon as the yellow solid was added 
and the solution was stirred under argon, the color of the solution turned reddish 
indicating a potential base-catalysed ring opening of the arylmaleimide. Base-
catalyzed ring openings of arylmaleimides are known especially of 4-
hydrophenylmaleimide. Nevertheless, from the TLC, it seemed that at least some of 
the wanted coupling product was formed. When the residue was subjected to column 
chromatography, CH2Cl2 was taken as eluent. It seems that the product crystallized 
throughout the column and thus could not be obtained in pure state. 
One pot Suzuki – single Wittig olefination reactions using 4-formylphenylboronic 
acid (105) as the central building block are shown in Figure 5. In the other reactions, 
the preparation of methyl (E,E)-5-(nitrobiphenyl)penta-2,4-dienoates (100/101) by 
one Suzuki cross-coupling reaction / Wittig olefination in one pot using 
bromocinnamaldehyde as a center building block scheme is shown in Figure 6. Also, 
Suzuki-cross-coupling/Wittig olefination one pot transformations to methyl 3-(4’-
methylbiphenyl)acrylate (104) and methyl 3-(3’-nitrobiphenyl)acrylate (98) using 












































106a: R = Me [92%]; 106b: R = Et [89%]
106c: R = n-Pr [87%]; 106d: R = n-Bu [87%]

































































Figure 6: Preparation of methyl (E,E)-5-(nitrobiphenyl)penta-2,4-dienoates (100/101) by one Suzuki cross-coupling reaction / Wittig                

































Figure 7: Suzuki-cross-coupling/Wittig olefination one pot transformation to methyl 3-(biphenyl)acrylates (98/104) using bromobenzaldehydes 




3.3 One Pot Suzuki Cross Coupling Reactions – Wittig Olefination – Hydrolysis 
When 3-nitrophenylboronic acid (97) was used in its reaction with 3-
bromobenzaldehyde (96) as the central building block and ethoxycarbonyl-
methylidenetriphenylphosphorane (64-Et), with subsequent hydrolysis by addition of 
aq. NaOH, in one-pot, 3-(3”-nitrobiphen-3’-yl)acrylic acid (109) was obtained as a 
product (Figure 8). This signifies that a one–pot combination of Suzuki cross-coupling, 
Wittig olefination and hydrolysis occurred. As pro-catalyst, Pd(PPh3)2Cl2 / PPh3 was 
used. 
As the reaction mixture was heated, orange-brownish micelles formed in the 
aqueous solution, which change to black, indicating possibly a formation of palladium 
nanoparticles. When aq. NaOH was added, the micelle structure was partially 
destroyed. After the reaction was complete and the reaction mixture was cooled down, 
it was filtered, removing the solidified triphenylphosphine oxide. The product remains 
as sodium cinnamate within the aq. solution. Acidification with half conc. aq. HCl 
gives the (substituted) cinnamic acid as the final product. In the best of cases, simple 
filtration leads to a pure product, at other times, the reaction mixture has to be extracted 
after acidification and the crude product mixture has to be submitted to column 
chromatography. 
3.4 One-Pot Suzuki – Double Wittig Olefination 
For Suzuki reaction that alkoxycarbonyl-methylidenetriphenylphosphoranes 
would be stable under the conditions used. These could be reacted afterwards with a 
carbaldehyde in a Wittig reaction carried out with a matching phosphonium salt or 




phosphonium salt to the phosphorane. For the most part, Suzuki – Wittig reactions 
were run with (PPh3)2PdCl2 as the catalyst in a solvent mixture of DME and 
aq.Na2CO3.   
In the case of the Suzuki-Wittig reaction, 3 and 4-formylphenylboronic acids 
105/111 can be combined with 4-bromobenzaldehyde (102) as central building blocks. 
Here, 2 eq. of phosphoranes were used to convert both the aldehyde function of the 
bromobenzaldehyde and of the formylphenylboronic acid to the corresponding 
acrylate. In these cases, bisacrylates 110 and 112 were formed (Figure 9). Formerly, 
Pd(PPh3)4 was used as catalyst in these type of reactions. More recently, this has been 
exchanged for the slightly cheaper Pd(PPh3)2Cl2 as pre-catalyst with a marginal excess 
addition of triphenylphosphine (PPh3) as additional ligand. The reactions are heated at 
82°C for 12 h. 
Lastly, the UV spectra of some of the coupling products were measured in CH2Cl2 
as the solvent (Table 3). It was seen that the 4-alkoxy-substituted biphenylacrylates 


































3.5 Phenylmaleimdes by Triphenylphosphine – Bromotrichloromethane (PPh3-
BrCCl3) Catalyzed Ring Closure of Maleanilic Acids  
 
Classically, the Appel reaction is the reaction of alkanols to alkyl chlorides with 
CCl4/PPh3 (Appel, 1975). On the other hand, CCl4-PPh3 can be used as a dehydrating 
agent, for example to provide alkyl nitriles from alkanamides. It has also been found 
useful in the preparation of amides and esters from the corresponding acids. 
Tetrachloromethane (CCl4) is one of the major ozone depletors of environmental 
concern. Therefore, its use can lead to an increase of the amount of ultraviolet radiation 
(UV) which can reach earth's surface, if it is released. Therefore, it is being phased out 
and is banned for most uses. The Thiemann group has used BrCCl3 as a substitute for 
CCl4. BrCCl3 react with carboxylic acids at the beginning which can lead to acyl 
halides, which can partially transform to acid anhydrides under the conditions. 
Bothacyl halides and anhydrides can react with the afterwards added amines or 
alkanols to amides and esters, respectively (Al-Azani et al., 2016). 
The preparation of maleanilic acids 54 starts with the reaction between anilines 
114 and maleic anhydride (113). Mainly, anilines 114 easily react with maleic 
anhydride (113) under ring opening to give maleic acid monoarylamides (maleanilic 
acids, 54). This reaction occurs at rt. The reaction becomes a more exothermic reaction 









































Table 3: Longest wave absorption in the UV spectrum of assorted biphenylacrylates 
in CH2Cl2 as solvent. 
H3C
CO2Me
max = 315 nm
PrO
CO2Me
max = 325 nm
CO2Me
MeO2C
max = 305 nm
CO2Me
MeO2C
max = 300 nm
CO2Me












For the Appel reaction, usually dichloromethane (CH2Cl2) and acetonitrile 
(CH3CN) are chosen as solvents. Therefore, CH3CN was chose as the solvent because 
of the sparing solubility of maleanilic acids 54 in CH2Cl2. Acids can be converted to 
esters, was noticed earlier, even in absence of a HX – scavenging base. When the 
present reactions were run, however, a base (triethylamine) was added to deprotonate 
the amide function of the maleanilic acids (when already activated by BrCCl3-PPh3). 
When the reactions are run without base (triethylamine), N-arylmaleimides are formed 
but the reactions do not complete. Generally, the transformation of maleanilic acids 54 
in the presence of triethylamine with BrCCl3-PPh3 leads to N-arylmaleimides 53 in 





chromatography on silica gel. step sequence, the last step being an Appel-type 
intramolecular imidation reaction. The reaction mechanism of this reaction is shown 




























Figure 10: Synthesis of maleanilic acids 54 from maleic anhydride (113) in a two- 
sequence, the last step being an Appel-type intramolecular imidation 
reaction. 
 
  Basically, triphenylphosphine forms a salt 116 with bromotrichloromethane. 
Thereafter, the anion of maleianilic acid 117 as nucleophile undergoes a nucleophilic 
substitution with the salt as substrate. Thereafter, liberated X- adds to the carboxyl 
function of 120, releasing the stable triphenylphosphine oxide. The intermittently 
formed acyl halide then undergoes intramolecular cyclization reaction, where the 





the UV-VIS spectra of the prepared N-arylmaleimides were measured. A number of 
authors reported on UV-VIS spectra of maleimide and its derivatives, already 
(Roderick, 1957; Scharf & Leismann, 1973). Also, the photochemical transitions 
involved have been studied by computational analysis (Seliskar & McGlynn, 1972). 
One of the first authors to examine the nature of the UV-VIS absorption bands of the 
compounds, Matsuo investigated the spectra of N-phenylmaleimide (53a), N-(4-
methoxyphenyl)maleimide (53e), N-(4-chlorophenyl)maleimide (53j), and N-(4-
tolyl)maleimide (53d) as well as of N- alkylmaleimide and N-maleimide itself (Taku, 
1965). 
PPh3 +    CX4


















































Also, C.W. Miller studied UV-VIS spectra of some other 2- and 4–substituted 
N-phenylmaleimides (CW Miller, Jönsson, Hoyle, Viswanathan, & Valente, 2001). 
Tables 4 and 5, shows the measurement of maxima in the UV spectra of the prepared 
N-arylmaleimides 53a-53k. Many N-phenylmaleimides 53 were seen, as in the 
literature, to exhibit two main absorption bands between λ = 350 nm and λ = 260 nm. 
The higher energy absorption band shows a smaller solvent effect than the longest 
wavelength absorption band (Taku, 1965). The absorption at the longest wavelength 
has been identified to be an n → π* transition of the carbonyl groups (Taku, 1965) of 
the imide with some perturbation from a π → π* transition. Intensity values of the band 
are between ε = 250 for 1 h in pentane and ε = 550 for 53j in acetonitrile, with most 
other values between ε = 350 and ε = 450. 




CH2Cl2:  = 315 nm   260 nm
CH3CN:  = 305 nm   260 nm
EtOH:  = 281.5 nm (broad)




Br CH2Cl2:  = 315 nm  270 nm
CH3CN:  = 310 nm   267 nm
EtOH:  = 312 nm   268 nm























CH2Cl2:  = 300 nm  265 nm
CH3CN:  = 295 nm  265 nm
EtOH:  = 295 nm  265 nm
Pentane:  = 290 nm  265 nm
CH2Cl2:  = 295 nm  265 nm
CH3CN: = 295 nm  270 nm
EtOH:  = 295 nm  265 nm
Pentane:  = 295 nm  265 nm
CH2Cl2:  = 315 nm  265 nm
CH3CN:  = 308 nm  267 nm
EtOH:  = 309 nm  264 nm
Pentane:  = 320 nm  264 nm
CH2Cl2:  = 330 nm  275 nm
CH3CN:  = 325 nm  275 nm
EtOH:  = 341 nm  275 nm
Pentane:  = 345 nm  275 nm
CH2Cl2:  = 295 nm
CH3CN: = 295 nm
EtOH: = 295 nm
























CH2Cl2:  = 290 nm  260 nm
CH3CN:  = 280 nm  260 nm
EtOH:  = 282 nm  260 nm
Pentane:  = 281 nm  260 nm
CH2Cl2:  = 285 nm
CH3CN:  = 285 nm
EtOH:  = 280 nm
Pentane:  = 275 nm
CH2Cl2:  = 315 nm  270 nm
CH3CN:  = 305 nm  270 nm
EtOH:  = 312 nm  270 nm
Pentane:  = 315 nm  270 nm (278.5 nm)
CH2Cl2:  = 310 nm  245 nm
CH3CN:  = 305 nm  245 nm
EtOH:  = 305 nm  244 nm (260 nm)








The longest wavelength absorption in 2-substituted N-arylmaleimides such as 
in 53c, 53f, 53g, and 53h is shifted to higher energy when compared to 4-substituted 
systems. This is due to the higher energy of the rotational barrier of N-C between the 
phenyl group and maleimide moiety, which forces the 2-substituted molecules out of 
planarity. This has been noted for other 2-substituted N-arylmaleimides, also (Miller, 
Hoyle, Valente, Magers, & Jönsson, 1999). There is not a clear-cut dependence of the 
energy of the longest wavelength absorption on the electronic character of the p-
substituent of aryl group. So, non-substituted 53a and chloro-substituted 53j basically 
show the band at the same wavelength in most solvents. Only for the 4-methoxy-
substituted 1e, there is a shift of the transition to higher wavelength.  
 Table 5: Shortest wavelength absorption measured with UV-VIS spectroscopy for N-          






CH3CN:  = 225 nm
EtOH:  = 225 nm






CH3CN:  = 220 nm
EtOH:  = 221 nm






CH3CN:  = 225 nm
EtOH:  = 235 nm






CH3CN:  = 219.5 nm
EtOH:  = 219 nm







CH3CN:  = 215 nm
EtOH:  = 215.5 nm






CH3CN:  = 213.5 nm
EtOH:  = 219.4 nm (sh)




CH3CN:  = 215 nm 
EtOH:  = 220 nm






CH3CN:  = 220 nm
EtOH:  = 235 nm





CH3CN:  = 210 nm
EtOH:  = 215.7 nm






CH3CN:  = 225 nm
EtOH:  = not clearly visible




CH3CN:  = 222.5 nm
EtOH: = 220.1 nm 









Then, again substituents that have an appreciable electronic interaction with 
the phenyl group such as in 53i, 53k and 53f may lead to HOMO and LUMO being of 
a different character than in 53b or 53j. Further steps are currently under investigation 





Chapter 4: Conclusion and Outlook  
 
In conclusion, the targeted compounds could be synthesized successfully, ex-
cept for substituted arylmaleimide 113. The synthesized compounds have been charac-
terized by IR, 1H NMR and 13C NMR spectroscopy. The UV-VIS spectra of the shown 
maleimides 53 and some of the Suzuki coupling products were studied, also. 
In this study, by the method of one pot reactions to combine more than one 
reaction at the same time in one vessel such as the Wittig olefination and the C-C 
coupling Suzuki reaction. Also, a series of alkoxycinnamates was prepared by a one 
pot Wittig and O-alkylation reaction with hydroxybenzaldehydes. One the other hand, 
one pot Suzuki and single Wittig olefination gave: methyl 3-(3’-nitrophenyl) cin-
namate (98), methyl (E,E)-5-(4’-nitro-1,1’-biphen-4-yl)-penta-2,5-dienoate (100), and 
methyl (E,E)-5-(3’-nitrobiphenyl)penta-2,4-dienoate (101). Moreover, the 
combination between Suzuki – Wittig olefination and hydrolysis in one pot was done 
to obtain 3-(3“-nitrobiphen-3’-yl)acrylic acid (109). Also, dimethyl biphenyl-4,4’-
diacrylate (110) and dimethyl biphenyl-3,4’-diacrylate (112) were synthesized by one 
pot Suzuki and double Wittig olefination reaction. 
To achieve one pot O-alkylation – Wittig reaction, the stabilized 
methoxycarbonylmethylidenetriphenylphosphorane (Ph3P=CHCO2Me, 56) was 
prepared as a starting material. After that, hydroxybenzaldehydes were subjected to 
Williamson type etherification under basic conditions, where shortly after the Wittig 





It was already known that the Wittig olefination of stabilized phosphoranes can 
be combined with C-C Suzuki cross coupling reactions. In this work, new com-
binations of haloarene, arylboronic acid and phosphorane were attempted. Especially 
the use of 4-bromobenzaldehyde and 4-formylphenylboronic acid at the same time in 
a Suzuki coupling – double Wittig olefination seems of interest. Where the same 
products were produced as in previous work as in the case of compounds 107 and 108, 
the starting material were changed from iodoarenes to bromoarenes. This can be seen 
as successful, as the bromoarenes give less dehalogenation (reduced) by-products. 
Otherwise, the compounds made were novel using this methodology.  
Moreover, a series of N-arylmaleimides were synthesized from maleanilic 
acids by the action of a modified Appel reaction, at the time a new procedure. In this 
reaction bromotrichloromethane and triphenylphosphine were used as Appel-type 
reagents in acetonitrile. The procedure avoided the large amount of carbon dioxide 
(CO2) that occurs during work up of the reaction when using the most common 
procedure (Ac2O, AcOH). Also the UV-VIS spectra of the N-arylmaleimides 53 were 
recorded in different solvents. 
Initially, more starting materials were prepared than actually used. In the 
future, it may be of interest to look at the behavior of semi-stabilized Wittig reagents 
in the reactions above. The Suzuki-Wittig reaction combination with 4-
bromophenylmaleimide could be attempted under phase transfer conditions, ie., under 
Jeffery type conditions. Also, the use of the phosphonium salts rather than the 
phosphoranes can be pursued. The large number of N-arylmaleimides made available 
above could make their reaction with triphenylphosphine attractive to produce 
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Figure 41: 13C-NMR (100 MHz, CDCl3) spectrum of methyl 4-octoxy-biphenylacrylate (106 F). 
